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ABSTRACT

In 2001, while performing routine radioactive decay heat rate calculations for beryllium reflector
blocks for the Advanced Test Reactor (ATR), it became evident that there may be sufficient
concentrations of transuranic isotopes to require classification of this irradiated beryllium as
transuranic waste. Measurements on samples from ATR reflector blocks and further calculations
confirmed that for reflector blocks and outer shim control cylinders now in the ATR canal,
transuranic activities are about five times the threshold for classification. That situation implies
that there is no apparent disposal pathway for this material. The problem is not unique to the
ATR. The High Flux Isotope Reactor at Oak Ridge National Laboratory, the Missouri University
Research Reactor at Columbia, Missouri and other reactors abroad must also deal with this issue.
A workshop was held in Idaho Falls Idaho on May 29-30, 2002 to acquaint stakeholders with
these findings and consider a path forward in resolving the issues attendant to disposition of
irradiated material. Among the findings from this workshop were (1) there is a real potential for
the US to be dependent on foreign sources for metallic beryllium within about a decade; (2) there
is a need for a national policy on beryllium utilization and disposition and for a beryllium
coordinating committee to be assembled to provide guidance on that policy; (3) it appears it will
be difficult to dispose of this material at the Waste Isolation Pilot Plant (WIPP) near Carlsbad,
New Mexico due to issues of Defense classification, facility radioactivity inventory limits, and
transportation to WIPP; (4) there is a need for a funded DOE program to seek resolution of these
issues including research on processing techniques that may make this waste acceptable in an
existing disposal pathway or allow for its recycle.
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EXECUTIVE SUMMARY

The Idaho National Engineering and Environmental Laboratory (INEEL) Workshop on
Disposition of Irradiated Beryllium was held May 29-30, 2002 at the West Coast Hotel in Idaho
Falls, Idaho. The objectives in convening the workshop were:

1. Disseminate and critically discuss the work that has been done to date to characterize
irradiated beryllium waste and potential waste and issues associated with its disposal.

2. Solicit ideas and opinions on directions to proceed to establish a disposal pathway for this
material.

3. Build a community consensus upon which to base a request for funding to resolve the issues
identified.

Stakeholders were invited from many different sectors, especially those who must deal with
irradiated beryllium.

The Problem

The discovery that much of the beryllium irradiated in fission reactors qualifies as transuranic
(TRU) waste poses several problems with regard to its disposal or disposition:

e Operators of reactors using beryllium reflectors now appear to have no clearly defined
disposal pathway for beryllium already irradiated but not disposed of.

e Changes should be made to the specifications for procurement of future beryllium for these
reactors to prevent or substantially mitigate further creation of this waste form.

e (Questions are raised regarding irradiated beryllium already disposed of at low-level
radioactive waste facilities and whether it can remain there or require remedial action.

Extent

Beryllium is used in fission reactors as a neutron moderator and reflector. In the U.S., the active
reactors of main concern include the Advanced Test Reactor (ATR) at the INEEL, the High Flux
Isotope Reactor (HFIR) at Oak Ridge National Laboratory (ORNL), and the Missouri University
Research Reactor (MURR) at Columbia, Missouri. Because of swelling caused by the
production of helium and tritium from the beryllium itself, the beryllium must be replaced
periodically. Used beryllium reflectors and other components must then be disposed of to make
room for other activities and reduce on-site radiological inventories.

In addition to the currently operating reactors, several decommissioned reactors have beryllium
reflectors that will eventually require disposal. Some of these are the Engineering Test Reactor
(ETR) and the Materials Test Reactor (MTR) at the INEEL, the Plum Brook Reactor at
Sandusky, Ohio, and the Omega West Reactor (OMR) at Los Alamos National Laboratory
(LANL).



This issue is not confined to the U.S. The BR-2 reactor at Mol, Belgium faces the same issue as
do more than 35 other reactors world wide.

Activation

Previously, it was thought that irradiated beryllium qualified as low-level radioactive waste.
Until 1993, beryllium irradiated in the ATR was disposed of at the INEEL Radioactive Waste
Management Complex (RWMC). Commencing in 1996, concerns arose regarding the level of
C-14 in that beryllium and whether it should be classified as Greater-Than-Class-C waste as
defined in 10 CFR 61. C-14 is produced by neutron activation of N-14, which exists as an
impurity in the beryllium from the refining and manufacturing process. At that point, no further
disposals were made of ATR beryllium.

Early in 2001, routine calculations to determine heat generation in irradiated beryllium
discovered that there may be sufficient concentrations of TRU activation products from uranium
impurity in the beryllium to require such beryllium to be classified as TRU waste.” Detailed
composition data provided by Brush Wellman Company, vendor of the beryllium used in ATR
Core 6, scheduled for installation in 2004, showed uranium concentrations from 25 to 110 ug/g
in that beryllium with an average of about 71 pg/g. Initial calculations using MCNP-4B and
ORIGEN?2 codes indicated TRU activities more than 30 times the TRU classification threshold
in ATR reflector blocks of that material. Subsequently, measurements were made on samples of
beryllium from the 12 reflector blocks from prior cores currently in the ATR canal, furnished by
Kawecki Beryllium Inc. (KBI). These showed a lower uranium impurity concentration, typically
30 ug/g. They also showed the presence of transuranic isotopes in good agreement with the
predictions of the models. Improved calculations gave even better agreement with measurements
but still indicated TRU concentrations in the reflector blocks about 5 times the TRU
classification threshold. Outer shim control cylinders (OSCCs) also made of beryllium and in
need of disposal, are estimated to be at even higher TRU concentrations.

Disposal

Disposition of irradiated beryllium has been similar at most reactor facilities

e Until 1993, ATR beryllium and that removed from other reactors was disposed of at the
RWMC as low-level waste. Since then, beryllium removed from the ATR has been held in
the canal adjacent to the reactor. Twenty ATR reflector blocks and nine OSCCs have been
buried at the RWMC together with one reflector each from the ETR and the MTR and some
other pieces from low-flux critical facilities. Twelve reflector blocks and 39 OSCCs are
presently in the ATR canal.

 Waste is considered TRU if the activity of alpha emitters with half-lives greater than 20 years exceeds 100 nCi/g
unless it is (1) high-level radioactive waste; (2) waste that the DOE Secretary has determined, with the concurrence
of the EPA Administrator, does not need the degree of isolation required by the disposal regulations; or (3) waste
that the Nuclear Regulatory Commission has approved for disposal on a case-by-case basis in accordance with 10
CFR 61 [Pub. L. 102-579 (1992)].



e Until 1987, ORNL disposed of their beryllium waste at the ORNL burial ground. The first
HFIR permanent reflector was so disposed of. The second was broken up and placed in an
above-ground temporary storage vault in 1994, and the third, now in the HFIR pool, is
planned for similar temporary storage. Semi-permanent reflectors 1-3 have been disposed of,
the fourth is in the above-ground vault, and the fifth is in the pool awaiting disposal. Seven
removable reflectors have been disposed of, one is in the above-ground vault, and two more
are now in the pool awaiting transfer to an above-ground vault.

e MURR disposed of their first beryllium reflector at the Chem-Nuclear facility in Barnwell,
South Carolina. The second one is now in their canal awaiting shipment to Barnwell. With
the knowledge that the material is probably transuranic, it is unclear if that shipment will take
place.

In considering disposal pathways, the only facility currently licensed in the U.S. for permanent
disposal of TRU waste is the Waste Isolation Pilot Plant (WIPP) at Carlsbad, New Mexico.
Three issues make it doubtful that this material can be disposed of there.

1. WIPP is only for Defense generated wastes. It is not clear whether ATR, HFIR, and MURR,
which are not Defense facilities, could legally send wastes to WIPP.

2. The WIPP Land Withdrawal Agreement has a limit on total radioactive inventory for all
isotopes of 5.1 MCi. The high concentrations of tritium (H-3) caused by neutron activity in
the beryllium itself would consume an inordinate fraction of this available inventory.

3. It is not presently possible to ship the irradiated beryllium to WIPP because of high gamma
radiation levels. Coming mainly from Co-60, again from impurity activation, the radiation
fields are too high to be accommodated by available shipping casks without considerable
decay or significant size reduction to small pieces that would require individual shipment.
Estimates are that such decays would take longer than the scheduled WIPP closure date.

The Yucca Mountain Complex (YMC) in Nevada, which has not yet been licensed, may be a
possible disposal site. Such waste has not yet been specifically excluded from that site. Shipping
issues remain even if it could be accepted there.

A remaining option is to find a practical way to remove the transuranics and possibly other
radioisotopes from the already irradiated material. Then, depending on the residual hazards, it
could be disposed of as low-level waste or recycled. The latter is desirable because of the present
hiatus from domestic production of beryllium metal by Brush Wellman. Methods suggested for
purification include distillation, previously performed in the Soviet Union and currently under
development in Ukraine, melting with a slagging agent, dissolution and precipitation or solvent
extraction, and some form of zone refining.

Prevention

Estimates are that to avoid TRU classification of irradiated beryllium, initial uranium impurity
levels will need to be less that 5 ug/g. Domestic ores and current refining processes are unlikely
to make that goal. However, beryllium produced in Kazakhstan has traditionally been very low



in uranium impurity. Aside from political issues, it may be desirable to make use of that material
for future procurements of beryllium reflectors. To date it has not been cost effective to purify
domestic beryllium to the required levels, though that, too, may require rethinking.

An important issue with respect to availability of metallic beryllium for future fission reactor
applications is the decision by Brush Wellman to no longer produce the metal from ore. They
have contracted with the Defense Logistics Agency to purchase the US strategic stockpile
material. By far, the majority of their beryllium production goes to BeCu alloys. Only about 10%
of the beryllium is used for reactors. Present estimates are that the US strategic stockpile will be
depleted in less than ten years at the forecast rate of consumption. Unless modern production
facilities are built and domestic production resumes, the US will then be totally dependent on
foreign supplies for beryllium.

Remediation

The quantity of TRU isotopes in irradiated beryllium previously disposed of is not large. The
need for remediation at disposal sites will probably be determined by the impact of this material
on the performance assessments of those sites. Most beryllium constituents, including hazardous
metals and radionuclides of concern, are tightly bound up in the beryllium and are only released
to the extent that the beryllium itself corrodes in the disposal facility. While irradiated beryllium
is not hazardous by RCRA standards, measurements at the INEEL have demonstrated
comparatively high corrosion rates for beryllium disposed of at the RWMC. This corrosion is
responsible for release of tritium and C-14, which have been measured at the disposal sites and
are confirmed to be coming from the beryllium. Transport of beryllium and its impurity
activation products in the soil is not well understood. Further study of these issues is warranted.

Path Forward

Workshop participants arrived at the following actions as needed to deal with the issues of
irradiated beryllium disposition.

Near Term

1. Establish a dialogue with DOE-HQ office regarding this beryllium issue (should include
offices of NE, WM, EM, OS, etc.).

2. Write a summary report of this workshop.
3. Meet with DOE-HQ to discuss and present the results of this workshop.

4. Develop a funding request to charter a beryllium coordinating committee and begin
development of National strategy (should be done in coordination with action item 3).

5. Publish a note to identify what has happened with the orphan waste program. Include as the
results of that inquiry as part of the workshop summary report.



Contact medical (isotope) stakeholders regarding the issues identified at this workshop and
include those contacts in the dialogue (action 1) and meeting (action 3) with DOE-HQ.

Contact other stakeholders (DOD, NASA, MURR, etc) that should be included in future
development of a national strategy and solicit their support for a national strategy.

Most of these should be accomplished in June 2002 with some completed in mid-August.

Longer Term

1.

Seek and develop a national/international program that can support education, research,
negotiations, etc.

Develop a national strategy for beryllium supply and cycle.

Establish a beryllium coordinating committee to assist with developing the national strategy
for supply, use, and disposition of beryllium.

Seek exemption for disposal of existing beryllium based on low risk and small quantities,
while pursuing new beryllium that is free of undesirable impurities.

Develop/provide interim guidance to generators in the short term until a national strategy can
be developed.



WORKSHOP PROCEEDINGS

Date(s) and Time(s)
May 29, 2002 from 08:30 to 17:30

May 30, 2002 from 08:30 to 11:00

Location

West Coast Hotel conference room, Idaho Falls, ID

Objectives

1. Disseminate and critically discuss the work that has been done to date to characterize
irradiated beryllium waste and potential waste and issues associated with its disposal.

2. Solicit ideas and opinions on directions to proceed to establish a disposal pathway for

this material.

3. Build a community consensus upon which to base a request for funding to resolve the
issues identified.

Attendees
May 29, 2002

NAME ORG. PHONE E-MAIL
Adler Flitton, Kaye | INEEL 208-526-0525 Mka@inel.gov
Anderson, Brian DOE-ID 208-533-4073 Andersbs@id.doe.gov
Anderson, Gary INEEL 208-526-4669 Gar@inel.gov
Bhatt, Raj INEEL 208-526-2773 Bha@inel.gov
Brooks, Charlie ATR 208-533-4479 Bed@inel.gov
Brower, Jeffrey O. INEEL 208-533-4457 Boj@inel.gov
Carlson, Eric INEEL 208-533-4452 Erc@inel.gov
Chipman, Nathan INEEL 208-526-1424 Chipna@inel.gov
Conner, Julie ID-TRA 208-533-4648 Connerje@id.doe.gov
Criswell, Bruce INEEL 208-533-4188 Criseb@inel.gov
Gibby, David INEEL 208-523-4215 Gibbrd@inel.gov
Gist, Clayton WIPP 505-361-2501 Clayton.gist@wipp.ws




Hill, William ORNL 865-574-1554 Hillwe@ornl.gov
Jacobson, Loren LANL 505-667 5151 jake@lanl.gov

Kaczynski, Don

Brush Wellman

419-862-4196

Donald Kaczynski@brushwellman.com

Leeper, Sheryl Army COE 419-609-0994 Sheryl.a.leeper@lIrl02.usace.army.mil
Longhurst, Glen INEEL 208-526-9950 gxl@inel.gov

McDaniel, Linsey DOE-NE 208-533-4164 Linsey.mcdaniel@hg.doe.gov
McKibben, Charlie | MURR 573-882-5204 mckibbenj@missouri.edu

Miller, Lawrence DOE-NE 301-903-3109 LAWRENCE.MILLER@hg.doe.gov

Moyers, Bryan

NASA Plum Brook

419-621-3357

<Bryan.Moyers@grc.nasa.gov>

Mullen, Carlan INEEL 208-526-6040 cxm@inel.gov
Ritter,Paul INEEL 208-526-6686 Pdr@inel.gov
Seitz, Roger INEEL 208-526-0768 Seitrr@inel.gov
West, Buck INEEL 208-526-1314 Westwh@inel.gov
May 30, 2002

NAME ORG. PHONE E-MAIL
Adler Flitton, Kaye INEEL 208-526-0525 Mka@inel.gov
Anderson, Brian DOE-ID 208-533-4073 Andersbs@jid.doe.gov
Anderson, Gary INEEL 208-526-4669 Gar@inel.gov
Brooks, Charlie ATR 208-533-4479 Bed@inel.gov
Brower, Jeffrey O. INEEL 208-533-4457 Boj@inel.gov
Carlson, Eric INEEL 208-533-4452 Erc@inel.gov
Chipman, Nathan INEEL 208-526-1424 Chipna@jinel.gov
Conner, Julie ID-TRA 208-533-4648 Connerje@jid.doe.gov
Gibby, David INEEL 208-523-4215 Gibbrd@inel.gov
Gist, Clayton WIPP 505-361-2501 Clayton.gist@wipp.ws
Hill, William ORNL 865-574-1554 Hillwe@ornl.gov
Jacobson, Loren LANL 505-667 5151 jake@lanl.gov

Kaczynski, Don

Brush Wellman

419-862-4196

Donald_Kaczynski@brushwellman.com

Kullberg, Craig

INEEL

208-526-9565

cmk@inel.gov

Leeper, Sheryl

Army COE

419-609-0994

Sheryl.a.leeper@Irl02.usace.army.mil




Longhurst, Glen INEEL 208-526-9950 xl@inel.gov

McKibben, Charlie MURR 573-882-5204 mckibbenj@missouri.edu

Miller, Lawrence DOE-NE 301-903-3109 LAWRENCE.MILLER@hg.doe.gov
Moyers, Bryan gﬁo?)ﬁ Plum 419-621-3357 <Bryan.Moyers@grc.nasa.gov>
Mullen, Carlan INEEL 208-526-6040 cxm@inel.gov

St. Clair, Trish DOE-ID 208-526-1961 Stclaipl@id.doe.gov




Meeting Results

Action Items (near-term)

1.

Establish a dialogue with DOE-HQ office regarding this beryllium issue (should include
offices of NE, WM, EM, OS, etc.).

e Assigned to: Linsey McDaniel (lead), Larry Miller, Steve Abeln, Julie Conner
(responsible for field contacts), William Hill

e Target Date: June 14, 2002, to start activities and conference calls.
Write a summary report of this workshop.
e Assigned to: Glen Longhurst
e Target Date: June 14, 2002, for draft for review by workshop members.
e Target Date: June 28, 2002, to issue final report.
Meet with DOE-HQ to discuss and present the results of this workshop.
e Assigned to: Linsey McDaniel (lead), Glen Longhurst, Steve Abeln
e Target Date: August9, 2002.

Develop a funding request to charter a beryllium coordinating committee and begin
development of National strategy (should be done in coordination with action item 3).

e Assigned to: Julie Conner (lead), other team members to be identified by Julie.

e Target Date: August9, 2002.

. Publish a note to identify what has happened with the orphan waste program. Include as the

results of that inquiry as part of the workshop summary report.
e Assigned to: Carlan Mullen.
e Target Date: June 16, 2002.

Contact medical stakeholders (isotope) regarding the issues identified at this workshop and
include those contacts in the dialogue (action 1) and meeting (action 3) with DOE-HQ.

e Assigned to: Glen Longhurst, Carlan Mullen will be a team member.

e Target Date: August9, 2002.



7. Contact other stakeholders (DOD, NASA, MURR, etc) that should be included in future
development of a national strategy and solicit their support for a national strategy.

e Assigned to: To-Be-Determined

e Target Date: To-Be-Determined

Conclusions, Findings, and Assumptions

e New research has indicated there are impurities in the beryllium used as reflectors in nuclear
reactors that results in waste that is not low-level and is Greater-Than-Class-C waste.

e There is no National strategy for the life cycle management (production, inventory and
disposal) of the nation’s beryllium supply.

— The regulatory demands on production of beryllium make it uneconomical to
manufacture in the US making the country dependent on foreign supplies.

— Reevaluation of material already disposed of needs to be conducted in light of the new
findings with regards to contaminants in the material.

— There needs to be a clear disposal pathway for used (irradiated) material that will be
generated as waste in the near future.

— Interim storage capabilities are needed until a clear disposal pathway can be identified.

— The continued operation of reactors using beryllium reflectors needs to be addressed in
light of the newly identified hazards in irradiated beryllium waste.

e Solutions proposed to resolve the problem.

— Seek and develop a national/international program that can support education, research,
negotiations, etc.

— Develop a National strategy for beryllium supply and cycle.

— Establish a beryllium coordinating committee to assist with developing a national
strategy for supply, use, and disposition of beryllium.

— Seek exemption for disposal of existing beryllium based on low risk and small quantities,
while pursuing new beryllium that is free of undesirable impurities.

— Develop/provide interim guidance to generators in the short term until a national strategy
can be developed.
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Agenda

Wednesday, May 29th
8:30 a.m. Welcome and introduction Glen Longhurst (INEEL)
8:40 a.m. Workshop Logistics Buck West (INEEL)
8:45 a.m. Beryllium Disposal: Background, Measurements, and Concerns
Glen Longhurst (INEEL)
10:00 a.m. Break (refreshments courtesy of BBWI)
10:30 a.m. HFIR Beryllium Disposal Experience Bill Hill (HFIR)
11:00 a.m. Operational Test Reactors and Impurities Contained in Typical Alloys
Don Kaczynski (BW)
11:30 a.m. Loss of U.S. Beryllium Metal Domestic Supply
Steve Abeln/Loren Jacobson (LANL)
12:00 noon Lunch
1:30 p.m. Vacuum Distillation of Beryllium Loren Jacobson (LANL)
2:00 p.m. Beryllium Corrosion in Earthen Vaults Kay Adler Flitton (INEEL)
2:30 p.m. Radioactive Isotope Release from Buried Beryllium Paul Ritter (INEEL)
3:00 p.m. Break
3:30 p.m. The WIPP Remote Handled Transuranic Waste Program
Clayton Gist (DOE-Carlsbad)
4:00 p.m. Plum Brook Reactor Beryllium Brian Moyers (ANL)
4:20 p.m. Open Discussion/Comment Resolution Presenters/Participants
5:00 p.m. Adjourn
Thursday, May 30™
8:30 aam. Town Meeting: Guided discussion to find answers to or suggest actions to answer

the following questions:

Problem Definition

1. What are disposal concerns at facilities such as the High Flux Isotope Reactor (HFIR) and
the Missouri University Research Reactor (MURR), which also use beryllium reflectors?

2. What inventories of irradiated beryllium, other than at operating reactors, will need to be
disposed of?

11



. What concerns exist for irradiated beryllium that has already been disposed of as low-
level waste assuming it is TRU but not RCRA hazardous?

. What is a reasonable upper bound on expenditures to identify a disposal solution? What
is the total life-cycle cost attributable to beryllium using presently available or

foreseeable material grades and disposal methods?

. What is the problem?

12



Problem Consequences

6. What are the feasibility, cost, and programmatic impact if "Defense" classification is
required for research reactor beryllium to be disposed of at WIPP?

7. What would be the consequences of failing to move now to resolve issues of disposal for
irradiated beryllium?

8. If a disposal pathway cannot be found, can reactors continue to generate this waste
stream?

9. What are the consequences of the problem(s)?

10:00 a.m. Break
10:15 a.m. Guided Discussion, (continued)

Can the problems be prevented, mitigated, or resolved?
What actions should we be taking?

10:50 a.m. Summary of discussion Buck West

11:00 a.m. Closeout Glen Longhurst

Meeting Process

The first day of the workshop was devoted to presentations about irradiated beryllium and issues
concerning its use and disposition. During presentations, participants were permitted to enter
comments or questions in the computers regarding the presentations. The presenters were later
permitted to respond to the questions or comments. See pages following the presentations for the
questions, comments, and answers for each.

A four-step structured process was conducted regarding problems with irradiated beryllium. The
first step was to discuss and identify the problem. Participants were directed to enter into
computers available for their use possible problems with irradiated beryllium. During this first
step, participants were not allowed to see what others had entered. Participants were then
allowed to see what others had entered and were directed to read the other responses and add
additional comments, as they felt necessary. The potential problems were then discussed for a
consensus of what the true problem is. Discussion first addressed the issues of declining supply
of beryllium and impurities in existing supplies that cause problems with disposal of used
material. The discussion shifted away from the supply issue and focused on a lack of recognition,
by the United States, of the strategic importance of beryllium. The group identified an over-
arching problem statement with five sub-elements. The sub-elements were considered to need
immediate attention.

Problem Statement: There is no national strategy for the life cycle management
(production, inventory and disposal) of the nation’s beryllium supply.

13



1. The regulatory demands on production of beryllium make it uneconomical to
manufacture in the US; making the country dependent on foreign supplies.

2. Reevaluation of already disposed of material needs to be conducted in light of the
new findings with regards to contaminates in the material.

3. There needs to be a clear disposal pathway for used (irradiated) beryllium and
material that will be generated as waste in the near future.

4. Interim storage capabilities are needed until a clear disposal pathway can be
identified.

5. The continued operation of reactors using beryllium reflectors needs to be addressed
in light of the newly identified impurities in irradiated waste.

After discussion of the problem, the group was then directed to use the computers to enter the
consequences of not adequately addressing the problem statement. There was no discussion of
the material entered. Responses are listed later in this record.

The group then turned their attention to the actions needed to correct the problem. The group was
directed to enter one possible solution to the problem statement and/or sub-elements. The group
then discussed the posted solutions and combined or revised the solutions as necessary. During
the discussion, several possible solutions were merged with the development of a National
strategy solution. This merging was done with the understanding that these merged solutions
should be sorted into short- and long-term actions. The final and merged list of solutions is also
provided later in this record.

After identification of possible solutions to the problem, the group developed actions items

needed in the short-term to begin implementation of the possible solutions. See the Action Items
in the Results section for the results of that discussion.

14



PRESENTATIONS, COMMENTS, QUESTIONS, AND RESPONSES

15



R ,5;&,., ........... St

91

wm.uzcm:oq "3 Ua|o
: SNHIONOO ANV
SININIHNSVIN ANNOHODMOVE

1vsodSIid AiNI'TiAd349
ad4Lviavddi

Aiojeioqe] [ejuswiuosinug pue Buliesuibuy jeuonepn oyep|

1SINYSUOT UJLL) - SUIADUO)) PUB SJUIWAINSBI ‘punoidyoeq :[esodsiq wni[A1og pajerpes|



LT

.._.wy..”.“..“...””_ S &a:bogq :oam\som \@c:m:c. |
0} SUOHEINIJED PUE SJUBLIBINSESY - UOIRZLISJORIEYD)

swajqo.ud jonpo.d
UOIJBAIJOE JO BlemMe auiedaq am MO - AIBA0ISI(]

SJ0Jor8.J UOISSIY Ul Wnljjfiaq Jo 8sN - punoibyoesg -

M3INHGFNO

1SINYSUOT UJLL) - SUIADUO)) PUB SJUIWAINSBI ‘punoidyoeq :[esodsiq wni[A1og pajerpes|



81

-MojJ 8q 0} JyBnoy; Aisnoineid sem wnifieq pajelpe| e
s|end)ul aipoliad je paoejdeal aq jsnu

S10}08jjal 8y) ‘buljjams paonpul-uoijnau Jo 8SNLIdg
Ajsusp xnjj uodpnau ssueyus

0} SJ0)28|j8J Wnijjf1eq asn S10)oed. Y21eoSsy -

ANNOHIMOVEH

1SINYSUOT UJLL) - SUIADUO)) PUB SJUIWAINSBI ‘punoidyoeq :[esodsiq wni[A1og pajerpes|



61

MW 00} ~ (INHO) 10j0B8Y 8dojos| xn|{ YbiH

MW 082 (733N]) 10j1088Y ]SO PBdUBAPY, .

SHOLIF 143 WNITIAEFE ONISI)
SHOLIOVIH HOHdVISIH 'S'N OV

1SINYSUOT UJLL) - SUIADUO)) PUB SJUIWAINSBI ‘punoidyoeq :[esodsiq wni[A1og pajerpes|



0¢

¥ ¢0/62/S 14O

}o0|g 10}99]j9Y

)
|

Japuljfn jonuon

wiys J9no
3o0|g 10}99}39Y
NWNITIAYFE LV
r\—\w%—l\z AiojeioqeT [ejuswiuolirug pue buliesuibug jeuoneN oyep|
N

1SINYSUOT UJLL) - SUIADUO)) PUB SJUIWAINSBI ‘punoidyoeq :[esodsiq wni[A1og pajerpes|



¥4

G 20/62/S 149

saje|d winiuje

sjusawbag wnijjAid

A

JIANITAD TOHLNOD WIHS d3LNO
rﬂmy__/ﬂ £10}E10qEe] [EJUaWUOIIALT pUE buleaUIBUT [EUCHEN OYEp]

1SINYSUOT UJLL) - SUIADUO)) PUB SJUIWAINSBI ‘punoidyoeq :[esodsiq wni[A1og pajerpes|




C

9 20/62/S 149

IL20 Al y8LO Al

1020 Al
1910 1Nl
[ 1220 A
910 Al SLN
010 1Nl wol [ |
wory [

ASL0 Al
AL

‘leued ¥V 9y} ul mou ale SHHSO
6E pue s)20/q wnijjAioq aAjom |

F\—\u%‘—i\; Aiojeioqe] [ejuswiuoiirnug pue bulissuibu3 jeuoneN oyep|
3N

1SINYSUOT UJLL) - SUIADUO)) PUB SJUIWAINSBI ‘punoidyoeq :[esodsiq wni[A1og pajerpes|



15

L 20/62/S 149

- - Alquassy
, . 10}09]}9Y
a|qeAoway

10)29)}9Y
jusuewiad

sbn|d
Jlod isal

¥01937438 WNITIAYISG dI4H

F@%—; — Aiojeioqe] jejuswuolirug pue bulssuibug jeuonenN oyep|
133NN

1SINYSUOT UJLL) - SUIADUO)) PUB SJUIWAINSBI ‘punoidyoeq :[esodsiq wni[A1og pajerpes|



104

8 ¢0/6¢/S 14O

S|eAlaiul Jeah-g
Ajleuiwou e paoe|doay

og b)Y 19|

ul /€

7A| urel’e
ug/06l —

JOLOF 143 NNT'TTAHFE dHNIA

r\—”%.—l\; Aiojeioqe] jejuawiuoiinug pue buussuibug jeuoneN oyepy
BEED N

1SINYSUOT UJLL) - SUIADUO)) PUB SJUIWAINSBI ‘punoidyoeq :[esodsiq wni[A1og pajerpes|



S¢

- l-l llllllll T ) 11Illlll-l

0l

99-des pL+4309'L pI+302C soueld ‘Aejoes SIMISO
19-100 G1+300°C S1+300°S 00} eIssny ‘pelbrosiwiqg ¢ NS
99-%98(Q 71+300°G 00l eissny ‘pelbroniwiqg LIN-HIN
G9-fny SL+30€°L 71+30G°L 0ol VSN ‘N1 “INYO dI4H
L9-unr 71+301°8 G1L+30C°L 00} wniblag ‘|o ¢-d9
6/.-uer S1+302°L 71+302°9 GZl eulyg ‘uenydis ‘npeusyn d134H
L9-Inr G1+30S°L Y1+30€°S 0S¢ VSN ‘dl 133NI dlv
auIT upaleq (s,woyu) (s,woyu) (AN uoneoson Jo10e9Yy
Xn|4 1se4 XN|4 [BwJdy | Jamod pajey

0002 NI ©ONILVH3dO SH401903143d
INNITTAY3E HLIM SH0O10V3d 30ON3N14 HOIH

1SINYSUOT UJLL) - SUIADUO)) PUB SJUIWAINSBI ‘punoidyoeq :[esodsiq wni[A1og pajerpes|



9¢

JuIS{s pan4 [alo W [ 11T u by

M6 uoneinbyuod gHg

JOLOVHd ¢cdd NvIO 149

1SINYSUOT UJLL) - SUIADUO)) PUB SJUIWAINSBI ‘punoidyoeq :[esodsiq wni[A1og pajerpes|



Ll 20/62/G 14D
08-6.61 paoe|dey

€961] uonelado uebag

2109 ul ag by geg

wnifiag

ul $9°¢

Jayep) bBuljoo)n

90IA8(] [eluswIIadXx]

oNid ONI'TTIH WNITTIAEFE ¢dd

F@%;—E — Aiojeioqe] [ejuswiuoiirnug pue bulissuibu3 jeuoneN oyep|
13ANIS

1SINYSUOT UJLL) - SUIADUO)) PUB SJUIWAINSBI ‘punoidyoeq :[esodsiq wni[A1og pajerpes|




8¢

G

e e s L e e e P Ty
B o L e e L R L R T AR e T e,
lllllllll- llllllllllllllllllllllllllllll L

ot

(LHO “Aysnpues) Jojoesy ¥ooig wnid YSYN
(733NI) 1030B8Y ]SO S[eLsjeyy -

(793N]) 10j0E8Y JS8 | buLssulbuy .

TVSO0dSId 34INO3Y T1IM LVHL
SHOLOF 143 WNTTIAEFE HLIM
SHOLIOVid dINOISSINNOO3d

1SINYSUOT UJLL) - SUIADUO)) PUB SJUIWAINSBI ‘punoidyoeq :[esodsiq wni[A1og pajerpes|



6¢C

€l 20/6¢/5 TdO

Z20-LZL0GWO-L0

1861 - 0,61
og b G085

7 |
L 00000 0000 ﬁw@;
O
O
°

. ONNO

ST HOBONCHON®

Q

s HONONONONO!.

® |
O /

. H

O

L

1~

wOOOOOOOOO

|

lojoa|jel wnijlAleg

dOLIOVHH LSHL IONIFdFIANIONS

F@%—E — Aiojeioqe] jejuswuolirug pue bulssuibug jeuonenN oyep|
133NN

1SINYSUOT UJLL) - SUIADUO)) PUB SJUIWAINSBI ‘punoidyoeq :[esodsiq wni[A1og pajerpes|



0¢

v 20/62/S TdO

0.6l - 6961
ag b3 019

JOLOVHH LSHL SIVIHILVIN

Fﬂmzw\ Aiojeioqe] jejuswuolirug pue bulssuibug jeuonenN oyep|

INI

1SINYSUOT UJLL) - SUIADUO)) PUB SJUIWAINSBI ‘punoidyoeq :[esodsiq wni[A1og pajerpes|



3

Gl 20/6¢/S TdO

(ASIN | < 3J) zwosu

1 m_l_m < T_m
v zz01/8H wdde 000G - 00.°€
(wdde) Juaguos aH
000SE 0000¢ 000SZ 0000C 000GL 0000L 0009 oo SHy
1 1 1 1 1 1
_”__H (o u‘u)
(pu‘u)
DID 1e anjeA [eoldA | iy
M (0 u)
- C c s g
,.wo My |« =% 9Hg
: Ll
¥ . B! 07 (uzwyt | (4w
; P Mu A I u)
Jn_—._l - s M (0 ‘u)
X4 (1] S,1-01X9 L \
¢ = . ..
. -9 2 (yu) \‘Q u)
e 2,001 > Je uonelped| 03 ogs B8 1,
% ejleq Wolsopy + (uzu) 1 (pu)
Bleq uBIssNy 0O -L /810
9ds | e
8 (duy ~
(4 u)
€y 01 X9 [——
o1 |« 9do.

wnijjA19q jo juswase|dal
osipouidd sasinbau Buljjams pasnpuil-wni|aH

F@%;—E \‘ bEanmimEmE:o\:\Embcmm:.:mm:.&:m\m:ommzo:m.b\
13ANIS

1SINYSUOT UJLL) - SUIADUO)) PUB SJUIWAINSBI ‘punoidyoeq :[esodsiq wni[A1og pajerpes|



[43

Je "IHALWHISWIL

o088 ODfF OO QOE OOE DOl

SRR | ] Ao pm souaNy UoANeU

m \j #wﬁmhq_mo_eﬁ
\ s NoLs T3 o
S suann ._gm

(1
u_._:q__.ﬂ.._n M
. - (]

a/njeijadwa) pue Jusjuod wnijdpy
uo spuadoap buljjams winijjfiog

1SINYSUOT UJLL) - SUIADUO)) PUB SJUIWAINSBI ‘punoidyoeq :[esodsiq wni[A1og pajerpes|



1323

i obe.lojs Aieisodwa)
18YJ0 0] paaowaJ 1o Jo pasodsip aq jsnw wnijjfieq
pajeipe.ll ueswl uoiesado ¥ |y panuijuod Joj Sueld
SaIJIAIJOE 18Y)0 10) papasu
280eds [eued Adnoo0o SHHSO pue SYI0[q 10JI8[joy

SNHFIONOO 1VdIONIdd

1SINYSUOT UJLL) - SUIADUO)) PUB SJUIWAINSBI ‘punoidyoeq :[esodsiq wni[A1og pajerpes|



143

f onE:m:mh nﬁbm\mw btm wmuein
96 m:o:m::mo:oo \c:m\, 0] apell 819M SJUBLUBINSEA)\

ploysa.y)
UoNEBIIJISSE[D NX.L JO SS89Xa Ul S}onpo.d uoleAjoe
olueInsuel) pajesAal SUOIBINIJed UONBAIOR BUIIN0Y

jesodsip jiwi Aew jey) 9,, U0 PESNI0) SUISIUOD [BIJIU]

jepuapiooe Jsoulje sem sanssi
jonpo.ud uoneanoe jo AiaAoasiqg

1SINYSUOT UJLL) - SUIADUO)) PUB SJUIWAINSBI ‘punoidyoeq :[esodsiq wni[A1og pajerpes|



33

o mmzemE XNl [EnIOB Yyim pOsn Sem ZNIDIHO -

(sebeiaAe }20/|q pue SaWn|oA
pazijeao|) suoibal pajos|es 10) SUOIJI8S SSOJI
uolnoea. o1doasosoew ajelausb 0] pasn Sem H-dNIW.

ajqejieAe Sem M |V JO [8POLU [einjonils pajiejop Ve

S9P0I ENFOIHO PUE F-dNOW
JO uoneuiIquiod pasn sisAjeuy

1SINYSUOT UJLL) - SUIADUO)) PUB SJUIWAINSBI ‘punoidyoeq :[esodsiq wni[A1og pajerpes|



9¢

0¢ ¢0/6¢2/s 149 (B/611 g2 01
| wouy “B°8) Joybiy yonw aJe jey} SUOHEIUBOUOD JNeg SMOUS AM-TNY WOJ4 BJEp painseaw [enjoe ‘JanamoH ‘sjsibinjieyow Ag sn o} papiaoid uojewloju
WoJj PoJEWIISS SeM UOIELUSIUOD qNgg dYL “B/B1 Z'0 Jo uonesuasuod Ajundwi gNgg POLUNSSE UB U0 POSE] SEM 918U UMOYS }NSaJ GNyg OUL 'd
pawnsse B6/611 0og Jo uonesusduod usboliN ‘e

zolqel | dlqel | 9|gel Z?olgel Zz?o|gel | o|gel | djqel 19-449 01
woJy a|jqe] Buiuianoog
000. € 02’0 Hwiou  000. 0zz 08 (sw/1D) spwi J sse|y
19 449 01
200 18'1 G'8e G¥Zl0'0  €0-38¥6'C  L'6¥8 080l 68EY0  L'8Yl 3s/e 0080
200 6%°0 ¥9'8L  €0-3¥g6’.  €0-3€2eL €7198L 1'080L 99960  SO'8E MN/¥ 1220
200 €0 9¢'6Z  20-31S0°L  €0-3rL9°L 89lLEC LTSEL 86€90  ¥TLS MS/¥ 1120
€00 080 90°0¢ 20-3¥02L  €0-38/6'L 1'G69C L0'6SL 06890  +5Z9 as/y 1020
200 L0 €062  20-36€0°L  €0-3599°L Z'L0€C €€¥EL  L1€90  0LLE MS/¥ 810
€00 890 6.6 20-386L°L  €0-3€/8°L ¥L¥9Z 98'¥SL 86.90  E€V'€S % /10
200 620 €z'8l  €0-3¥9.°.  €0-3//Z2°L 0008L ZO¥0L 0ZSS0  86°LC E[Ni% 1210
200 9e'0 G8'gl  €0-31108  €0-32ee’L G'€88lL LEOLL 2TP.GS0  S0°8C AN 910
€00 020 ZL'9z  €0-3092°L  €0-3080C L'GE6 LE'9SL 020L0  €L%S 3s/e 1910
200 €0 668l  €0-3016°2  €0-3662°L <Z'€Z8L L0'SOL #¥SSS0 €092 MN/¥ S10
100 €0 vZ'LL €0-3926'9  €0-38/L°L Z'GZC 8€98 €820  00%C MN/Z 151
100 2e0 0Ll €0-3296'9  €0-3S8L°L G'92C G898 0LES0  8L¥C MN/Z dll
200 90 €6'/L  €0-35106  €0-3S/¥'L 6289 86'CLL  Z9090  L£'GE an/e 010
Z dlqelL l 9|qel ._Wom 0._.mm nQZwm 008 _me _me wOvF "ON al
19 449 01 wouy 2qo-/a109 ¥oo|g
suolnoel4-jo-wing (sw/12) AuAnoy oyoadg abelany ¥oolg ylv wnijlieg
SY3ILLINT -9 40 SNOILVHINIINOD dILVINITVI
Fﬂm%s—.& — Aiojeioqe] [ejuswiuoiirnug pue bulissuibu3 jeuoneN oyep|
NI

1SINYSUOT UJLL) - SUIADUO)) PUB SJUIWAINSBI ‘punoidyoeq :[esodsiq wni[A1og pajerpes|



LE

L¢ 20/62/S Td9

n «— d
>NO®U§ n_me Zm.mN Dwmw
A
Ndge; (4 QmeN Necz
Keosp _d
v
uondiosqge u Ndore
wy ;7 |« Nd e
v
EONvN E<N¢N
EE(N#N
y \ v
C._Omvm <+ E<mvm

wy 1444

SAVMHLVd
NOILVAILOV DINVHNSNVH L

F@%—E — Aiojeioqe] jejuswuolirug pue bulssuibug jeuonenN oyep|
133NN

1SINYSUOT UJLL) - SUIADUO)) PUB SJUIWAINSBI ‘punoidyoeq :[esodsiq wni[A1og pajerpes|

F \

WOy




8¢

¢¢ ¢0/62/S Td9

o .ﬁ -

[ :f} //////
SN ESERRNY] f,f///,,wf/

WNI'TIAYFE 40 SF04N0OS TVdIONIdd
rﬂm%_/ﬁ AI0JeI0qeT [BJUBILOIIAUS pUE BuLeaUBUT [EUOEN OUED)

1SINYSUOT UJLL) - SUIADUO)) PUB SJUIWAINSBI ‘punoidyoeq :[esodsiq wni[A1og pajerpes|




6¢

4} Vi 0l 0) 009

9c¢ 00} 00l -0} IN INgs IN6s
00S°L 009 00S°L - 00S o4 909 ‘0009
0€ec 0S 08¢ N o 7]
(19)1) (Mg) (ueissny) .Josindoeid jonpo.ud
ST ULV 3002-S oysi Aundw uoneandy

(61677) WNITTAY3IG NI SLONA0Yd
NOILLVAILLDY OL ONIGV31 SIILINNNI

1SINYSUOT UJLL) - SUIADUO)) PUB SJUIWAINSBI ‘punoidyoeq :[esodsiq wni[A1og pajerpes|



ov

06-AepN /8-bny {8-AON
0

10-dy  86-INf G600 ¢€6-uer

0¢
g E
| o
o o 9
. =}
. c
v 44 H M [ ) » i O@ m
* =
R S . | 08 @
. . )

> +o0z-sv | 001

3-002-S ¢
0cl

Aundwi wniuean yuesiyiubis
sojealpul ejep uewl|[opg ysnig

1SINYSUOT UJLL) - SUIADUO)) PUB SJUIWAINSBI ‘punoidyoeq :[esodsiq wni[A1og pajerpes|



8%

i «Qﬂo& :E».&Ew.o u m ....."”.m”_..".._”.” wmna u:Zu
LOISLI90 ajeq o3 pafessq
0L.89 sAeqg-ppemebayy uoeipell|
{IVXALA aje@ pu3 uoneipedli|
98/8LIG ajeq Me)s

Z/ (wddm) pswnssy uonenuasuod Ngez; 109
ANl 8109 7020 ¥20/9

JLVNILST LNIOd
NOILVINIDTVO NOILVAILOV

1SINYSUOT UJLL) - SUIADUO)) PUB SJUIWAINSBI ‘punoidyoeq :[esodsiq wni[A1og pajerpes|



(44

9¢ 20/62/5 TdO

AT
/l\rl:”
—
judwaaube Jiej yjIm sjnsal //lk -
Bujjopow Jajndwiod pawyuod . ” —
uoljeso - -
(SIN-d9D1) sisAjeue jeoisAyd o|dwesg .- A

sjuawainseaw pawaopad pA-INVY - |

L
l

) —

pue [esiwayo-}om yjog Buisn XAAUOH 1]
S
—

010 ¥20]g uo uoneso]
xnjy-ybiy wouy L0/c1/6 uaxe) ajdwes .

l
r
C
I

000¢ ul [eued ]V ul s}o0[q
Z1 Ile wouj uaye) sajdwes xn|j-mo .

ONI'IdWVS MOOT1d 40103143
rﬂm%_/ i £10}E10qEe] [EJUaWUOIIALT pUE buleaUIBUT [EUCHEN OYEp]

1SINYSUOT UJLL) - SUIADUO)) PUB SJUIWAINSBI ‘punoidyoeq :[esodsiq wni[A1og pajerpes|



1974

bW o W s W s i@ W s s NwTozesmeen
69599€ 69G9€ 6SC.V v86Z. £88LYy G9GLY 68ELS 68ELS S9SLY €88Lv 0L.89 01189 (1eauorsty) pmm
n 1 i m Al Al Al Al Al Al Al Al buipeo ai09
2.6L LL6L 986} 986L Vv66L V66 V¥66L V66l V66 V66L V66)L V66L paAowsy ajeq
151 dLE H0LO 1940 &9L0 1220 &8I0 1L20 &SLO TZL0 dlLO 71020 ‘ON 'S X¥20/d

SAININFHNSVIN NOILVIINIONOD
NWNINVEN MOOT1d ANI'TIAHEIE9

1SINYSUOT UJLL) - SUIADUO)) PUB SJUIWAINSBI ‘punoidyoeq :[esodsiq wni[A1og pajerpes|



144

i .u. w..w
e B - £ LR K s . . 1
1 ..n. u... -...-.-... o ....M..-.-. : -.& .... .-.... -.. ..-..u. M .-.-. .un. ‘....,y.‘ AON,
st it e e e

s m.w... : ... ]
_wu.ﬁxou 5&«&&\& auie g 4191 bmw&w uu\_&w mﬁﬁmw E%:w“w”.””"...

 ur (ane BBl z7) Munduwi D ..... uew|jop ysnig ui (6/61 ;g)

JO sojewinsa uew|jop) ysnig - N 40 spuawainseaw M-INY

(%91) 48Y30 yoed
YIM [[om daube sanbiuyoso)

ajeinaoe si  Juaiayip om} Buisn s)20/q M1V
sso20.4d Juswainseaw pM-INY 19X Jo spuswainseaw pM-INY -

NOILYOI'IdII NOILVYAHISEO

SAININWFHNSVIN
dH1 WO&4 SNOISNTONOD

1SINYSUOT UJLL) - SUIADUO)) PUB SJUIWAINSBI ‘punoidyoeq :[esodsiq wni[A1og pajerpes|



Sy

.omm.: Em\s salieiqij UOI}o8S SS0.JI J8)jag

sanundwi buliinado Ajjeinjeu Jo SUOEIIUBIUOD
paJnseawl 199|jal 0} pauljal aiem sindul 8por)

sjuswainseaw Yjim juswaaibe
poob uil suonesyuasuod pajoipald
aneb suoineinajes pauijoy

1SINYSUOT UJLL) - SUIADUO)) PUB SJUIWAINSBI ‘punoidyoeq :[esodsiq wni[A1og pajerpes|



9

€6 G'LS L8Y Ndgez

oney painseapy pajejnaje)
(6/1ou) uonenuasuo’) soplfonN dlueinsueld |
0¢ (wddm) pawinssy uonenuasuo) Ngez 109

L00ZIS L. 03 paAe23@ ‘PMIN 6SZ LY ‘Ill 10D ‘H0L0 X420Ig

NOILISOd XN14 HOIH 4010 MOO19 LV
SININIINSVINW HLIM FLVINILST LNIOd
NOILVINITVO 40 NOSIdVdNOO

1SINYSUOT UJLL) - SUIADUO)) PUB SJUIWAINSBI ‘punoidyoeq :[esodsiq wni[A1og pajerpes|



LY

PSPIAIPANS SEM 4010 O
300[q 1008|481 H 1V A

[apow pajuawbas
Ajouly aiow e uo pasw.opiaod
aJ9M suoie[najed pauija aiol

1SINYSUOT UJLL) - SUIADUO)) PUB SJUIWAINSBI ‘punoidyoeq :[esodsiq wni[A1og pajerpes|



8y

¢€ ¢0/62/S Td9

_

\\“\ G =
— f \ i

—1 08

—O0L

— 008

5 )

a|ljoid Aysuajuj
Xn|4 jueipenp jse3q y1v

(Bifom) sojuensueil f ”am!
suoineso| xn|fj }saybiy ayj} je Jjou
aJe Suonepuaduo9d Ny }sojealb
ay) Jey) pamoys suoije[nojen

r\—\u%.—i\i Aiojel10qeT [ejusluuolIAUT pue BbuLieauibus jeuocneN oyep|
BEED N

1SINYSUOT UJLL) - SUIADUO)) PUB SJUIWAINSBI ‘punoidyoeq :[esodsiq wni[A1og pajerpes|



6V

€€ 20/62/S 14O Y010 Joj ebesane ¥o0|g
(14) swrL
0g Sl ol g 0

- 001

- 00C

- 00¢€

(Bniou) AAanovy Nyl

- 00%

- 009

(TE L 1B10 | e—

009

A10)S1y Xnjj pue awi} ypum Aem xajduwiod
e ul A1eA suonenpuasuod siueinsued |

F\—\u%—i\; Aiojel10qeT [ejusluuolIAUT pue BbuLieauibus jeuocneN oyep|
BEED N

1SINYSUOT UJLL) - SUIADUO)) PUB SJUIWAINSBI ‘punoidyoeq :[esodsiq wni[A1og pajerpes|




0§

Q.:_N> 3&.—5%“&2 .—._O-“_.ma.u _.Nu Q.#.OOQ..W..:—W.@S—UQ—C&EOGW

.1.....
9| xnjj-ybiH 8|S xnjj-ybiH IS Xn|}-yBiH
IA/N 958 6LLEL (B/10u) NYL 12101
vy 6L1°G €G€E'9 (6/10U) Ndgez

anjep painsealy uonenoje) sydadg |9poj pajuswbag
9IS XN|§-Mo"] 9} XN|j-Mmo] 9}IS XN|j-Mmor]

sjuswa.inseaw pue sajeull}sa juiod
0} Je|IWIS d19M S}Jnsa. [apouwl pajie}ad

1SINYSUOT UJLL) - SUIADUO)) PUB SJUIWAINSBI ‘punoidyoeq :[esodsiq wni[A1og pajerpes|



IS

e e bt & o o .w..

%w.. .m&ﬁ &iw | mwm S .M

--

. . m,..mEEoo m_ :ocmim.s ‘.mﬁm mE.“ .
Yyam wmmmto:. suojesuL2U0I N} suesw Aedsp aapoeOIPEY -

uoneao| xnjj )saybiy je jou sI UOIIRNUBIUOD
N1 )saybiy suesw sjonpoud ajeipawiiajul Jo Jnouing

papnjauli [1e3ap Jo jaAd] uo buipuadap
joIpald-iepun Jo j)oipalid-iono Aew buijapow uoneAndy .

S10Ndaodd
NOILVAILOV JDINVHNSNVHL
04 SNOISNTONOD

1SINYSUOT UJLL) - SUIADUO)) PUB SJUIWAINSBI ‘punoidyoeq :[esodsiq wni[A1og pajerpes|



43

0] wniyfieq swos ui Aunduwi pjob ybnous si1 aioy|

wnijifieq
pajeipell ul Aindisw o) pajnwisued) St Ajundwi pjos)

a]eyoes| Ul s|ejall 2IX0) YO Juediiubis ou pamoys
winijjfieq pajeipeliun uo bunss) 4791 SNOINSIH

wnjjjAiaq pajeipelll ul spiezey vy§I Y

jnoqe m:c.#mw:& posiel \ﬁbbuw A9Yrin

1SINYSUOT UJLL) - SUIADUO)) PUB SJUIWAINSBI ‘punoidyoeq :[esodsiq wni[A1og pajerpes|



€S

pg> 10> . . sy

(3sav'e) vl G2 00% - 002 (A wouy) 1D
(1ay) (M 9) (uerssny)
"'SEIN Y1V G9-S 9ysl Aundwy
(6/67) WNITTIAYTEG

NI S3ILIdNdNIT SNOUJHEVZVH VdOd

1SINYSUOT UJLL) - SUIADUO)) PUB SJUIWAINSBI ‘punoidyoeq :[esodsiq wni[A1og pajerpes|



12

._"r

n
> B
C ..
...-.%-.v

0>
@s %@K :qm b,: e ,w wﬁr
L if,.... S T
¥¥0'0 €100 0600 €¥00 6€£20 2900 06%°0 2es0 (4810) #8262
000 8000 9SL'0 ¥LL'O OLB'E 6.¥L°0 ve'y L£°6¢ (71202) 58261

‘1

986’0 00€0 9050 2ES0 6220 6910 ZL'e G0> (1S1) 68262
BHzoz BHioz  BHooz PHesr BHsger  PHog (B/6M) BH (6/6M) ny (‘oN |euag ¥o0ig)
9|dwesg

$)9o0|q 410})O3]}o.1

3V UO Sd)IS XNn[j-mo| wo.ij uasye)} sajdwes
wnijjfidq ui M-INYV Je painseaw ny pue bH jejo|

1SINYSUOT UJLL) - SUIADUO)) PUB SJUIWAINSBI ‘punoidyoeq :[esodsiq wni[A1og pajerpes|



9

(1eonasoayy v,) Aysuaqg ying
08

06

, ‘ ,
(0002) (D008

9g-INdD pajeauue pue pajelpel|
(9 0021)

1 600

b
o

!
N
o

|
Te}
N
o

<4——  2g-|NdD pajelpenun

©
o
w) eale aoepuns oy1oads 139

!
0
o

[4

(6/

T}
i
o

-4 g3 ul uoneipedll isjje
wnijfiaq (Ndo) ABinjjeyaw soapmod pajoeduwod
UO Sjuswalinseall eale adeLINS 214129ds |39

1SINYSUOT UJLL) - SUIADUO)) PUB SJUIWAINSBI ‘punoidyoeq :[esodsiq wni[A1og pajerpes|



9¢

(1/6w) (%) 10143 ©-7 (1/6w) (%) Jos3 o- (B/67) e)hjeuy
Hwi ajeyoes| ayj ul a|dweg

19¢ ¥4D O uopjesuaduon ut jejol

‘d 101 8y} buimojjoy pinjj
uoijoedyxs ay) ui punoj suoneljuasuod pue 4791

ay) alojoq ajdwes Y0 L0 ¥20/g dYy} ul s|eap

1SINYSUOT UJLL) - SUIADUO)) PUB SJUIWAINSBI ‘punoidyoeq :[esodsiq wni[A1og pajerpes|



LS

(%) pases|ay ag ul [elo N
uonoeid Agnjos

010 MOOT1d WOHH F'1dINIVS LIS XN'14
"HOIH FHL NO LS31 d7101 FH1 NI STTVL3N
d319374S 40 SISVI13d TVNOILO V4

1SINYSUOT UJLL) - SUIADUO)) PUB SJUIWAINSBI ‘punoidyoeq :[esodsiq wni[A1og pajerpes|



8¢

1) h.k, /

3@@ 5:8&& bm&%& 030 | Ul eseajol &mq e :\ i
. £ uoinjossip wnijjfieq
ayj 0] :oEOQQQ AjUo Ul pases|al aq [[IM Yo
D 009 mojaq sainjeladwa)
je wniyfieq ui Ayiqow Jueaijiubis Aue sey sauopN
winijjAi1eq ui ejqnjosui SI yoeg

SJ e PUB 099 SE JOINBYDQG
awes ay) moys pjnoys Ainaiap

1SINYSUOT UJLL) - SUIADUO)) PUB SJUIWAINSBI ‘punoidyoeq :[esodsiq wni[A1og pajerpes|



65

€% ¢0/62/S 149
(roybry w9, ‘nd,,;) Bj1ou 0L> ydasoe ues JUMY ‘BUIU 004 < «

9JSem M1l pajpuey
ajowal )dadsoe o) ajqeun Ajpuasaid si ddiIM —

(wajqoud e s1 09, WOy uoneIped
ewweb) 4ddim 0} pariodsuel) aq ysnui jerLisjej —
(H: @AY SY20|q pue ‘sado)os! ajerpuaiapip
jou saop Y M7) Ay1oeded [ejo) 1D L°G #O HWIT —
a)sem pajelauab-asuajoqg 104 AjlUO —

"09IXa\] MON Ul (ddIM) }ueld }0]id uoljejos| a)sem
oY) sI apsem , dlueinsueu jJo jesodsip jusuew.iad
J10J pasuaall Ajpuasaud Ayiji1oey sn Ajuo ay |

N3 T190ed TvVSOdSId FH1

1SINYSUOT UJLL) - SUIADUO)) PUB SJUIWAINSBI ‘punoidyoeq :[esodsiq wni[A1og pajerpes|



09

v 20/62¢/S TdO

Zoloymas|o pue HINIMY 1k Jo pasodsip
Apealje ag ssadso0.d pue aAouwal 0) poduU & 919Y) S|
£ S10)2oe0l 19y)o
pue ¥ |V 104 wnijjfiaq buissasoidaid o sa1ddns
ubraioy o) buibueys Aq uoneuiweluod siueinsuel)
yjim ag Jo uonaonpo.d soyrinj ayebniw am ues .
Aemyjed jesodsip
bunsixea ue }1j 0] passadso.id aq og pojeipe.lll ued .
punoy
s1 Aemyjed jesodsip e [pun palioj}s aq S.0}oeal
J9Y)0 10 ¥ |V Wo.j og pajeipe.lll pi[noys MOH .

S3ANSSI TVNOILIAAVv

1SINYSUOT UJLL) - SUIADUO)) PUB SJUIWAINSBI ‘punoidyoeq :[esodsiq wni[A1og pajerpes|



19

.. .mw .n.d. .nm.“.r.n. .m..w.. .u

u"......u.

ﬁa aam& hw

Gzam.moomm 4<m.0&m.5.mmm
abe.io}s Aieisodwo)
puno.b aAoqe Jo saouanbasuod pue S)S0d ajenjeAy

FOVHOLS AdVHOdINGL
sbuipuij pajeinajes jo Aaeindae aroiduwi
0} s/Aem puij o} sisAjeue A)IAISUBS BP0 WIOLIDY

NOILV.LNdNOD
SAILINILOY dIANITNNODTH

1SINYSUOT UJLL) - SUIADUO)) PUB SJUIWAINSBI ‘punoidyoeq :[esodsiq wni[A1og pajerpes|



a9

o A ) J @ 1D JE J & (@
Y51/ o | o 1 IOIN ] / U
O e e e AR ta s T AN O A A T g 1 e e e A T B o S

L]

~ Jodsues) pue aseajal apIjONUOIPE] pUe UOIS0LI0D
JO Jud)xd d)eNn[eAsd 0} salpn)s Idyring }onNpPUo)H
NOILLVIdINWT

ag onsawop

(pajInsip “b-a) passoasoid Ajjeroads buisn io ag

ubiaioj o) buibueyd 1oy S)}so0d pue Ajijiqgises) alojdxg

NOILN3INT&Hd NOILN10d

pP.3u0Q ‘S3ILIAILOY AIANIWNODTY

1SINYSUOT UJLL) - SUIADUO)) PUB SJUIWAINSBI ‘punoidyoeq :[esodsiq wni[A1og pajerpes|



€9

llllll ll . - h - ‘—
| &m
chii ; Ij1oey €

.»mﬂ mwﬂﬁeﬁ&% .c.: m@.,.E

]
! =]
- T
e el e

mm:mm. Eo:Eo& méomE
0} papaau a.e Juswdojarsp pue ys1easoy —

woajqo.id jesodsip apsem Jeuonpeuiayul aq Aey —
s10)oead "SN 19Y)o je )sixa Aew wajqoid —
anssi Jjeuonelado M|V —

MouU wajqoud siy) ssaippe 0) d9A|OSDY

NOILOV OL TIVO

1SINYSUOT UJLL) - SUIADUO)) PUB SJUIWAINSBI ‘punoidyoeq :[esodsiq wni[A1og pajerpes|



Comments on Irradiated Beryllium Disposal Issues, Background, Measurements,
and Concerns

It was mentioned in presentation no one uses GTCC designation. Greater than class C waste
designation is codified in 10CFR61 and is the law. Nb-94 and C-14 are part of GTCC
determination. {#25, Raj Bhatt}

Russian Be concerns®: Do they use Be ore with the same impurities that contribute to TRU
issues? {#26, Kay Adler Flitton}

- Response to #26--Russian Be ore typically does not have the same impurity content
as US ore. {#29, Loren Jacobson}

Mullen noted as a side comment the existence of activated graphite waste materials from
MTR etc. that could have similar activated impurity issues {#27, Gary Anderson}

Did you find U in the KBI Be? {#30, Don Kaczynski}

- Response to #30: Uranium averaged 25-30 wppm in KBI beryllium samples taken
from the blocks that were in the ATR. {#92, Glen Longhurst}

Impurity in Be after processing also dependent upon how refined/processed. {#31, Gary
Anderson}

Since we are addressing one isotope being outside the class C limits, C-14, why can't we just
adjust the limit upward as a regulatory change based on an updated risk analysis? Risk can't
be much given that we live in a world full of C-14. {#32, Lawrence E. Miller}

Did the ATR activation analysis consider data provided by material sampling, or was it based
on metallurgical profiles "presumed" for the alloy? {#33, Bryan M. Moyers}

- Response to #33: Early calculations were performed using best available
information, mostly from literature, but later calculations used measured data,
wherever they were available. The last two rounds used measured data. {#94, Glen
Longhurst}

How can the average be higher than the high flux value? {#34, Jeff Brower}

- Response to #34: At very high fluence, some of the TRU burns away. Thus, the
highest TRU concentrations are at locations where the fluence is moderate. The peak

® Information in brackets {} are a reference number for the comment and the comment author’s
name. The reference number is used to link comments and responses.

¢ Be = beryllium.
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seems to be reached after about 1.5 - 2 years of irradiation in ATR. {#95, Glen
Longhurst}

Capture comment that minimum uranium-238 must be less than 5 wppm based upon models
to not exceed 100 nCi/g transuranics (primarily Am-241 and Pu-240 in growth, Am-243
builds during irradiation then holds constant after removal. {#35, Gary Anderson}

Although the argument on TCLP release of Hg appears sound as a basis for a non-RCRA
hazardous determination it hinges on Hg being not soluble as stated. A confirming TCLP on
a Be material with Hg in it would be good to have as a validation point to convince doubters.
{#36, Gary Anderson}

- Response to #36 on TCLP - one should be cautioned when applying TCLP to raw
materials to determine what would leach from a specific item disposed. Such that the
test is used to determine the leachability on items disposed (i.e. disposal of Be plates).
In most cases, the shape (or more precisely the surface area) of the item in contact
with the leaching solution has more to do with its potential as a RCRA waste than the
raw materials. {#46, Sheryl Leeper}

- Comment on #46: A complicating factor for beryllium TLCPs is the oxide film that
forms on the surface of beryllium after crushing to the size required for TLCP.
Experimental data on chromium shows significant variation in release fraction with
powder form. {#97, Glen Longhurst}

Beryllium disposed as LLW likely has more problems than being disposed as TRU. {#37,
Carlan Mullen}

Eventually a quantitative statement of statistical confidence and tolerance factor will be
needed on the code/model predictions for radionuclide concentrations (a distribution is
needed accounting for variations in the source Be, the flux history (fluence), cross-sections
etc). A combination of model based sensitivity studies and selected additional irradiated
sample data will be needed to provide this bases. {#38, Gary Anderson}

Shim cylinders are less well known than the reflector blocks, estimate of TRU
concentrations? {#39, Gary Anderson}

Is the flux high enough in the small research reactors, i.e. TRIGAs to result in TRU
concentrations that exceed 100nCi/gm? {#40, Julie Conner}

Clarify the source of the Be and the impurity (uranium concentration) concentrations for the
model data comparisons and point out that the newer BW material actually has higher
impurities than the KBI materials used earlier. {#42, Gary Anderson}

ORIGEN S is, an update version of the ORIGEN code, is now available. {#43, Buck West}

- Comment 43: Will use of ORIGEN S code make difference in calculation compared
to ORIGEN {#55, Raj Bhatt}
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How far out in time will the net in-growth of Am and Pu stop and concentrations turnover?
{#44, Gary Anderson}

- Response to #44: Bill Hill indicated turnover or leveling out after about 30 years.
{#96, Glen Longhurst}

Shim cylinders had about eight years of flux. These were operated at 250 MW reactor power,
current operation is now around 125 MW. {#45, Buck West}

TCLP corrosion test is a RCRA determination test, but other corrosion mechanisms may act
in actual disposal environments. These need to be considered for both existing disposed
materials and the future disposal pathways. {#47, Gary Anderson}

Russian beryllium has been available only since the early 90's. Estimate Russia will make
between 40-60 tons this year. {#48, Buck West}

Although the Hg may meet the TCLP criteria, it does not mean one is out of the woods with
RCRA. It only means that the LDR requirements have been met. {#49, Clayton Gist}

We keep on saying high flux does not necessarily mean higher concentration because of
burn-up of products; at the same time claim that shim cylinders will have higher
concentration due to higher flux experienced by them. {#50, Raj Bhatt}

- Comment on #50: As was pointed out, it appears that the location in the reflector
where TRU concentrations are highest is in the OSCCs. {#98, Glen Longhurst}

What environmental regulatory requirements apply to the already disposed Be blocks and
cylinders? Who is responsible for its management? I presume this would be handled under
the CERCLA process, by EM. {#51, Brian Anderson}

Distilling Be to remove impurities before use would add an up-front cost, but that cost should
be more than recovered by not having to deal with activated impurities and TRU after use.
Also, distilling after use and then reuse of salvaged Be should also yield savings over the
long run by removing the costs to mine, transport and refine Be ore and it would also take the
irradiated Be disposal problem off the table. {#52, Lawrence E. Miller}

Blocks and shim cylinders have other material attached to it, also NRC allows disposal of
similar material (generated in reactor) in same package. A determination needs to be made
about waste as a package rather than just calculating concentration for beryllium weight only.
{#53, Raj Bhatt}

- Comment 53: Do you mean that volumetric averaging for the entire OSS assembly
including the Hf plates would result in levels below the TRU level? It would still be
GTCC, but not TRU?? {#56, Julie Conner}

- Response to #53: I believe the OSCCs would be more hazardous (greater TRU
concentrations) than the blocks because of their locations. Most of the OSCCs are
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Brush Wellman material that is typically higher in uranium than the KBI blocks.
{#100, Glen Longhurst}

Problem needs to be divided into three distinct but related parts. Disposition of 1) The
materials already disposed (ER issue), 2) management and ultimate disposition of the
materials currently in the pool or other storage or that will be produced in the near future
(from continued reactor ops and from D&D of ETR/MTR etc,) and 3)
prevention/minimization of longer term future Be waste from continued reactor operations.
{#54, Gary Anderson}

- Re: Comment #54. A key piece of part 2 is what regulatory requirements apply and
how do we get "permission" to continue current plans to place similar Be components
into the ATR during the next CIC, scheduled for early CY 2004, knowing that there is
no defined path for disposal? This is an element that I would like to see defined and
answered during this workshop. {#58, Brian Anderson}

Glen asked if there were any fundamental flaws in the arguments given in his presentation?
No response. {#57, Buck West}

The ATR reflector blocks and shim cylinders have other metal parts attached that must be
considered when planning a disposal path. The recent INEEL work has focused on the
beryllium metal only. Separation of the non-beryllium hardware parts has been considered to
remove the GTCC items. {#59, Carlan Mullen}

Not all of the irradiated beryllium that is stored or will be generated in the future from reactor
operations will be remote handled TRU, some of it will be remote handled LLW. Therefore a
disposal path is needed for both and each will have major difficulties to over come to move
the beryllium to disposal. {#103, Carlan Mullen}

In general discussion at the end of the first day regarding comments made on earlier
presentations, the following points were made by the presenter, Glen Longhurst, and other
participants regarding some of the comments made on this presentation.

{#32, Lawrence Miller} Current limits for C-14 placement in the RWMC are based on
analyses of impacts on the performance assessment (PA) for the facility. Presumably, if it can
be shown that higher limits on C-14 would not have an adverse impact on the PA, for
example because of tight binding in irradiated beryllium, it may be possible to increase the
limits.

{#36, Gary Anderson} The TCLP test made on the high-flux sample from Block 010R has
been challenged because it had no detectable gold or mercury. The decision regarding further
sampling and TCLP testing on irradiated beryllium that is known to have gold and mercury
in it is a trade between cost and need. It was demonstrated in the work done at ANL-W that
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materials known to be insoluble in beryllium are released in a TCLP only in proportion to the
dissolution of the beryllium matrix. Determination that mercury is insoluble in beryllium has
previously been made by others. It is a practical impossibility to collect a “representative”
sample according to the strict legal definition of a sample required to make a hazardous
waste determination in this case. Therefore, the question is: is there adequate information
available to draw the conclusion that irradiated beryllium is non-hazardous with respect to
mercury? Further testing would in all probability not change the conclusion, but it may
remove some doubt. The cost of taking another sample from a different block and making the
required measurements would be on the order of $30K.

{#37, Carlan Mullen} Carlan explained that there are many issues associated with disposal of
low-level waste. Because of the numerous qualification criteria, it may require greater
administrative effort to accomplish the disposal as LLW than would be required for disposal
as TRU where many of these other issues are inconsequential.

{#40, Julie Conner} The degree to which uranium impurity in small reactors would be
transmuted to TRU isotopes depends on a number of factors. The low-power reactors almost
invariably operate at lower neutron fluxes than the larger ones such as ATR and HFIR.
However, activation in the ATR, for example, exceeds the TRU threshold after only a few
months of operation though the beryllium lifetime in ATR is typically 8 years. Therefore, it
is quite likely that beryllium irradiated in a small reactor could become transuranic.

{#51, Brian Anderson} Responsibility for material buried at various waste disposal sites
appears to belong to the facility operator. When the waste is accepted, the operator assumes
ownership. However, this issue warrants further clarification.

{#53, Raj Bhatt} Activation calculations and results conducted at the INEEL on beryllium
reflector blocks and OSCCs have not included any consideration of the non-beryllium pieces
attached to them. We suppose there is no reason to remove those pieces if it is determined
that the beryllium components can be disposed of as TRU waste. In effect, with regard to
TRU isotope concentrations, they would serve as de facto diluents.
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V=10 TO a1 '—‘\

Fig. 2.8,

6. Undesirable — water is supplied from the re-
aCtor cooling system and is discharged into the
poonl cooling system through the degasifier.

System No. 2. — The No. 2 hydraulic tabe system
for the ORR, Fig. 5.11, is a facility designed to
allow irradiation of as many as 23 capsules simul-
faneously: 20 capsules ¥ in. OD by 2% in. long
and 3 capsules %,in. OD by 25/2 in. long. The
facility consists of five separate tubes that are

essentially independent of each other. Tubes 21,

-1

in-Reactor

s

CRNL-LR= DWG £3720F3

— REACTOR TANK LD

Experimental Focilities.

3] 1 .
22, 23, and 24 accommodate five ?2—m.:-OD cap-
sules each, and tube 25 accommodates five 5;'5

QD capsules.

sin.-

The loading station, located on the north wall of
the center pool, consists of five loading chambers,
each of which is provided with a hinged top and
lockdown mechanism io facilitate insertion and
removal of capsules. Each loading chamber is
designed with a water coatrol valve built as an
integral part of the lcading chamber. This valve
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Permanent Beryllium
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Semi-Perm. Beryllium
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Removable Beryllium
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Fiscal Responsibilities of the Reactor Operations Division

ROD is fiscally responsible for the following actions:

(H
(2)

(4)

Packaging and relocation of the activatad components from HFIR to Facility
7856,

Upgrade of Solid Waste Storage Area 6 (SWSA 8) Liguid Waste Solidification
Pad-2 (LWSP-2) authorization basis, to allow storage of the actjvated
components in SWSA 6. The authorization basis documentation shall be
similar to that provided for Faciiity 7856 for which the DOE has provided
contingent approval.

Relocation of the activated coémponents from Facility 7855 to the SWSP-2
Pad at SWSA 6.

AT THE OPTION OF WMTDD, transport, size raduction and re-packaging of
the reflector for off-site shipment prior to termination of HFIR operations
uniess responsibility for the reflactor s reassigned by DOE directive prior to
notification of permanent HFIR shutdown.

Fiscal Responsibilities of the Waste Management and Technology Development

Division

WMTDD is fiscally responsible for the following actions:

(1
2)
(3)

Storage of the activated components in accordance with its approved

authorization basis.
Construction and maintenance of storage pads at 78568 and SWSA 8, if

required.
Authorization basis revisions, with the exception of the initial  LWSP-2

upgrade, if required.

’Z{{%M/ N 27, /Wé

Waste,

g’?l'ﬁe, Director g’ = B.S. Willis, Director
nageme nd Technology Reactor Operations Division

Development Division
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MEMORANDUM OF AGREEMENT
BETWEEN :
WASTE MANAGEMENT AND TECHNOLOGY DEVELOPMENT DIVISION
AND
REACTOR OPERATIONS DIVISION
CONCERNING FISCAL RESPONSIBILITIES FOR ACTIVATED
REACTOR COMPONENTS REMOVED FROM THE
HIGH FLUX ISOTOPE REACTOR POOL

Background

Since its startup in 1966, the High Flux Isctope Reacior (HFIR) has routinely generated
activated components which have reached the end of their useful life. Uniil 1887, these
components were transferred to Oak Ridge National Laboratory (ORNL) burial grounds
for disposal. One of the activated components which was previously buried is a 24-inch
tall x 43-inch diameter doughnut-shaped permanent berylium reflector. In addition 1o
other activated components, the HFIR pool currently contains another of these beryllium
reflectors which is occupying a large area of pool floor space. There are also separate
beryllium pieces, called semi-permanent and renewable beryllium, which are nestled
inside the large permanent assembly. The floor space occupied by the beryilium is
required to expand HFIR's fuel storage capabilities. Failure to clear the floor space will
ultimately result in shutdown of the HFIR.

The practice of disposing of the activated reactor componients by burial has been
suspended pending finalization of the Performance Assessments for proposed disposal
sites and resolution of several DOE and State of Tennessee policy regulatory issues.
To remove the incidental activated components and beryliium, the ORNL Research
Reactors Division has designed and is currently procuring a lead-shielded
transport/storage container. This container will be utilized to remove the activated
components from the HFIR pool and provide containment during transport to an ORNL
Waste Management and Remedial Action Division (WMRAD) storage location, Facility
7856. WMRAD has upgraded the authorization basis for Facility 7856 to receive and
store these components. At Facility 7856, the lead-shielded container will be placed
inside an existing concrete storage vault on a gravel pad and stored until a final
disposition plan is developed.

The Waste Management and Technology Development Division (WMTDD) cannot
accept unconditional fiscal responsibility for the activated reactor components at this
time. As a result, the Waste Management and Technology Development Division
cannot accept the activated components for storage without a commitment from the
Reactor Operations Division to request funding for actions as outlined in the final
disposition plan. This Memaorandum of Agreement delineates WMTDD’s and RCD's
responsibiiities for the activated components currently stored in HFIR pool. It shall
remain in effect, and ROD shall retain ownership of the activated components, until
DOE policy directives reassign responsibility for this item, or HFIR is permanently shut
down: Should permanent HFIR shutdown be scheduled for completion prior to DOE
reassignment of responsibility, WMTDD shail have the option to return the beryllium
reflector to HFIR for planned actions (which may include size reduction) and packaging
for off-site shipment before HFIR operations are terminated.

96



HFIR Beryllium Disposal Experience - Bill Hill

DOEF 13258
(L]

United States Government

Waste Management Operations
Dist: T.F. Scanlan

memorandum

Date:___y2 :partment of Energy
HL Adair Z R.C. Orrin Oak Ridge Operations
D.D. Drake D.J. Peterson

K.G. Edgemon____ F.J. Schulz

D.F. Hali_A C.B. Scot___

F.R. Hodges MWL Tul

KW, Lingerdelt____C. Whitmire, Jr.___
3.C. McCleliand X File e
Route/Date Copy. X -
Person Responsible: _ i

Commitment No.___Due Date:

MEMORANDUM OF AGREEMENT FOR HIGH FLUX ISOTOPE REACTOR POOL

DATE: November 24, 1983
REPLY TO
ATTN OF; EW.922:Roddye
SUBJECT:
COMPONENTS
TO:

W. F. Manning, Deputy Assistant Manager, Energy Research and Development, Advanced

Neutron Source, ER-10

Attached is a signed copy of the subject Memorandum of Agreement. An advance copy of
this was sent by facsimile to Dave Rosine on November 22, 1993,

If you have any questions, please contact Mac Roddye at 576-1801.

Alttachment

cc w/attachment:

R. Hultgren, ER-10
D. Rosine, ER-12
C

C.

%. Radcliffe] Director
Waste Managefnent and Technology

Developmént Division
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Comments on HFIR Beryllium Disposal Experience

The ORNL experience is the beryllium would curve and if you didn't pull it out and turn it it
would then get stuck in the core. {#60, Buck West}

Have there been previous beryllium cores disposed of from the inactive reactors? Have the
beryllium cores that remain in the reactor been there since the reactor went critical? {#61,
Carlan Mullen}

- Inresponse to question #61, yes, several beryllium elements have been disposed of
on-site. Don't know the history of the beryllium elements in these reactors. I suspect
that very few are original. {#132, WE Hill}

Where was the first HFIR reflector shipped to? {#62, Glen Longhurst}
- Inresponse to #62 - the first blocks were disposed on site. {#64, Buck West}

- In response to question #62, the first permanent reflector was shipped to ORNL's
burial ground. {#133, WE Hill}

What was the disposal problem associated with core 2 as LLW? {#63, Carlan Mullen}

- Inresponse to #63 - the second permanent reflector was not in a geometry suitable for
on-site disposal. Size reduction was not an option and no cask was available for
transport off-site. Therefore, we chose on-site storage in above-ground Vaults. {#181,
WE Hill}.

Any H-3 release from Be stored above ground? Concrete can cause H-3 release because of
pH. Be starts corroding as soon as pH drops below 7.0. {#65, Raj Bhatt}

- Comment #65 - There probably is some H-3 release from the vault. I'm not aware of
any measurements, however. The beryllium is not in contact with concrete. The
vaults are drained. Your comment on pH is noted, thanks. {#182, WE Hill}

Has the non-beryllium hardware attached to the beryllium reflector been removed for the
cores that have been disposed? {#66, Carlan Mullen}

- Comment # 66- Non-beryllium hardware was removed when it was feasible. Several
reflectors still have SS and aluminum with them. {#183, WE Hill}

The first core was not characterized and was disposed on site. {#70, Buck West}
HFIR has observed tritium in the pool coming from the reflector. {#71, Buck West}
Confirm cost of $600k for Ranor to design and build first dry storage vault for HFIR

permanent reflector, then added a second unit for $200k. Did this include the transfer cask
from pool to dry storage as well? Rough order-of-magnitude other costs to HFIR/ORNL WM

98



to perform the procurement and setup the total facility/operation for the dry storage? {#72,
Gary Anderson}

- Comment # 72 - Development costs for the vault were around $550K. These costs
were for designers, draftsmen, analysts, and miscellaneous support. The cost to build
the vault was about $200K for the vendor + travel, QA, etc to oversee the fabrication.
The vault was the transfer cask. The storage facility was developed for other ORNL
waste so we piggybacked on that to an extent. There was about a man-month of effort
in 1995 to develop a safety basis for storage of the vault. Many of the supporting
analyses were done during development and design of the vault (part of the $550K
development costs). These included a drop test analysis, heat load analysis, shielding
analysis, & seismic analysis. The storage pad is not elaborate. It consists of a gravel
pad with a fence around it. {#185, WE Hill}

Is the concentration of TRU above the TRU thresholds for the removable and semi-
permanent reflectors? {#73, Julie Conner}

- Question #73 - The semi-permanent and removable reflectors have not been
characterized. {#180, WE Hill}

Did ORNL develop a waste with no path to disposal plan prior to your last Be being removed
from the Rx? {#74, Julie Conner}

- Comment # 74 - RRD did complete No Path to Disposal forms for several reactor

components including the beryllium reflectors. The forms were approved by the
required parties prior to the HFIR entering the last Be outage. {#184, WE Hill}
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Comments on Operational Test Reactors and Impurities Contained in Typical
Alloys

BW and KBI were active in buying back scrap and some of the measurements of some of the
KBI reflectors may represent their use of BW scrap with a higher uranium content. {#75,
Buck West}

Is the beryllium going to the ceramics business essentially the same composition as that
going to the metals business? {#76, Glen Longhurst}

DOE is about 5-10% of the BW sales. This impacts their ability to respond to additional
processing of the reflectors and may increase costs. {#77, Buck West}

BW provides blanks to be machined by some other company. {#78, Buck West}
Blank weight for an ATR block (179 Ib.) is about 1500 1b. {#79, Glen Longhurst}

What radiological limits would apply if previously irradiated beryllium could be recycled in
beryllium fabrication? {#80, Glen Longhurst}

Lack of profit in the beryllium market makes development of a new processing facility
unlikely for a private company without some government help and funding. {#81, Buck
West}

If a process were to be available for irradiated beryllium recycling, how would the irradiated
waste by-products be handled/treated/disposed? {#82, Kay Adler Flitton}

S-65 Be could be made to meet the <5 ppm U goal (current levels are 2.5 ppm to 3.5 ppm,
could work to a spec of <5 ppm.) Don said, just a guess, S-65 Be could sell for perhaps a
20% surcharge, and require a lead-time of probably a month for additional processing. {#83,
Brian Anderson}

Where can NASA find information on “Lockalloy”, presumably a brand name of a beryllium
alloy? {#89, Bryan M. Moyers }

- re#89--NASA sponsored a lot of work on “Lockalloy” in the 1970’s I think, related to
its potential for use as a ventral fin on the SR-71 aircraft. The composition is the
62%Be 38%Al referred to now as Albemet 162. Brush Wellman has a lot of
information on this alloy (or, more properly, composite). The National Aerospace
Plane project sponsored work on BeAl materials, and some of it is in open literature.
Also, I gave a talk 4 years ago on Be-Al to the annual Space Propulsion conference at

JPL. Please send me your e-mail, and I will try to get some additional information to
you. Mine is: jake@lanl.gov {#93, Loren Jacobson}

- RE:#93 Bryan.Moyers@grc.nasa.gov. {#156, Bryan M. Moyers}
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INEEL prepared a P? proposal two years ago to substitute S65C for the existing S200F grade
for future procurements of ATR beryllium reflectors. Further study needs to address the
mechanical properties to make sure there are no impacts to reactor operation from such a
material substitution. {#99, Carlan Mullen}

One DOE-EM facility has several hundred pounds of Be reading about 0.5 mR/hr. Is there a
“free release” limit for this material? Could this material be recycled, and would there be
any interest in recycling this material? {#122, Nate Chipman}

Information can be obtained on all grades of beryllium and the aluminum beryllium product
line, Brush Wellman trade named AlBeMet, on the Brush Wellman web page.
brushwellman.com. There are a number of papers which describe the “Lockalloy”
composition which is the same as AlBeMet 162. {#149, Don Kaczynski}

The S-65 product sells for about 35% more than the S-200 F product in large blocks. {#150,
Don Kaczynski}

I have no idea how hot 0.5mR/hr. is. If it presents no particular handling issues we could
possible recycle it in our Ohio operations. If it is “hot” then I do not see where we can help
you. {#153, Don Kaczynski}

- Re: #153. INEEL administrative radiological exposure limit is 500 mr/year. DOE
maximum limit is 5,000 mr/year. If a worker was in contact with (holding) the
material for 1,000 hours (6 months) he would receive his 500 mr/year administrative
limit. If the material is in a process vessel, or shielded in some way, the exposure
would be much less. {#176, Brian Anderson}
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Comments on Loss of U.S. Beryllium Metal Domestic Supply

e Did LANL just built a brand new Be finishing facility? Or was it Sandia? {#84, Raj Bhatt}

- Response to #84--LANL has a new, state of the art beryllium facility which is now in
operation for machining of parts. We also hope to have our atomization up and
running soon, along with a beryllium foundry. Later on we plan to include joining
(brazing), mechanical testing, and injection molding. Also we will soon be plasma
spraying beryllium. {#91, Loren Jacobson}

e (General Note: If we intend to keep buying beryllium for reactors, its price is likely to climb.
Are these factors being included in reactor budget projections? {#85, Glen Longhurst}

- Re: Comment #85. No, NR budgets for ATR do not include a significant increase for
Be Reflector components. The NR budget is level funded, with a nonimal 1.7%
escalation. {#90, Brian Anderson}

e  Why not a cost plus contract with Brush Wellman to allow them to build a new facility to
meet emerging safety requirements and national needs while still making a profit?
Government has done this before. {#86, Lawrence E. Miller}

e Given the lead time for procurement and the decrease in availability of beryllium over the
next 8-10 years will there be any beryllium to replace the reflector at ATR? 1t is hoped that
this workshop will help to answer that question and raise the issue to DOE for consideration.
{#87, Buck West}

e The ingots in the national stockpile have already been purchased by Brush Wellman. {#88,
Buck West}

e It sounds like there is no strategic plan for managing this strategic material. {#105, Brian
Anderson}

- re 105--The current plan is to not have a national defense stockpile by 2007. The only
thing that DLA is doing is gradually selling everything off. DOE has now requested
DOD to transfer control of the remaining billet material to DOE. This should at least
control the current structural grade, which we expect to start using in 2007. {#129,
Loren Jacobson}

. With respect to the apparent impending shortage of Be supply here in the US, DOE and
DOD should commission new plant for producing, refining, and diffusing pure Be to
produce Be metal to the specs that are needed. This could be a COCO with Private Sector
investment, or should be a GOCO if the economics do not support private investment.
{#107, Brian Anderson}
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Comments on Vacuum Distillation of Beryllium

e What additional complications to distillation would come about if the material required
remote handling because of gamma radiation? {#101, Glen Longhurst}

e (Consider performing demonstration tests of distillation using non-radioactive isotopes of
TRU elements of concern or chemical/physical analog substitutes in beryllium samples.
{#102, Glen Longhurst}

e The Ukrane process could be done remotely on irradiated beryllium. The quantity of material
to be processed may not be feasible under this process. {#104, Buck West}

e It appears that a dissolution process followed by solvent extraction may be able to remove
impurities. Processes akin to uranium/plutonium recovery from spent nuclear fuel and
recovery of other materials from irradiated targets. These processes are usually remotely
operated. {#106, Nate Chipman}

- re #106--at present, the process for winning beryllium metal from the ore, with the
intermediate of beryllium hydroxide, then ammonium beryllium fluoride, then
beryllium fluoride reacted with Mg to give Be metal, is so complicated that once you
have metal, it is thought to be desirable to keep it in that form as much as possible.
Maybe one of the processes being considered for the future, such as electrolysis of
molten salt, would allow for a process involving dissolution as you suggest. {#136,
Loren Jacobson}
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Comments on Beryllium Corrosion in Earthen Vaults

There are chloride measurements from past water analysis data and they were used in
estimating corrosion rate of Be in 1994 LLW Performance Assessment (radionuclide

transport and dose calculations). Also the sulfate ions (present in RWMC soil) cause

substantial increase in corrosion. {#108, Raj Bhatt}

Weren't the ATR Be blocks and shim cylinders buried in stainless steel trash liners in 20 foot
tall concrete cylinders? The Be was never in direct contact with the surrounding soil. The
corrosion test samples are direct buried in the soil. The corrosion test is not representative of
the actual waste conditions. {#109, Jeff Brower}

- Answer to comment 109. No the beryllium blocks were buried in open top, cask liner
in soil. {#111, Raj Bhatt}

- Answer to comment 109, the concrete vaults were not used until after the last Be
blocks and shim cylinders were disposed. Soil vaults, holes bored in the soil and then
backfilled with soil, were used prior to the construction of the first concrete vaults.
{Roger Seitz} {#112, Kay Adler Flitton;}

- Response to 109. The use of concrete vaults at the LLW pit did not start until after
1993. All ATR beryllium has been disposed in soil vaults or soil trenchs. Though
metal waste canisters were used they are not water or air tight and have open
expanded metal bottoms to allow canal water to drain when loading into shipping
casks. {#118, Carlan Mullen}

Could the reduced corrosion rate at the 4-foot level in later years be attributed to drier climate
in those years? {#110, Glen Longhurst}

- Re: #110 Currently the data at the 4' level is inconclusive. All data (both the 1-yr
exposure and 3-yr exposure) is under 0.2%. The differences may be an initial soil
moisture difference or other environmental factors we have yet to consider. After the

5-yr exposed coupons are evaluated, perhaps we will have a better understanding of
the rates at the shallow level. {#123, Kay Adler Flitton}

Any plans for controlled "in-lab" scaled tests of Be under various soil moisture temperature
etc. conditions to examine various possible corrosion conditions? Accelerated tests? {#113,
Gary Anderson}

- Re: #113. Limited bench scale corrosion testing has been done, even some with
MgCl,. Currently no additional bench scale testing is schedule or funded and
currently no accelerated tests are schedule. One comment: We have, in our test plan
options for utilizing electrical resistance (real-time) probes and those probes could be
used for an accelerated test. The probes, with exception to beryllium, are available
currently for installation. We have investigated the possibility of making beryllium
probes, but to date, we have not implemented that portion of the test plan. Part of the
problem has been limited funding. {#131, Kay Adler Flitton}
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e The RWMC PA corrosion rates included impact of MgCl and sulphate ions. The test location
as far as [ remember (when I was Project Manager) did not apply soil suppressant so
CORROSION RATES in test case are lower. MgCl can induce severe corrosion. {#114, Raj
Bhatt}

e Do these studies hope to correlate H-3 releases inherent with activated beryllium? {#115,
Bryan M. Moyers}

- Re: #115, Right now the active monitoring (Paul Ritter's talk) addresses H-3 releases.
Hopefully, with the active monitoring and the continued corrosion test results we can
correlate H-3 and other radionuclide releases. {#178, Kay Adler Flitton}

e Any predictive modeling being done to attempt to understand/match test setup conditions?
{#116, Gary Anderson}

- Answer to comments 115 and 116, For the performance assessment, it is assumed that
releases from Be are controlled by the corrosion rate. Thus, the corrosion rate is
expected to be correlated to the release rate that would be observed in the disposal
facility. The corrosion experiment in conjunction with on-going monitoring will help
to confirm the accuracy of this assumption. To date, comparisons of the performance
assessment model predictions with concentrations of radionuclides in the subsurface
confirm that the performance assessment predictions have been very conservative
(i.e., the modeling used to determine compliance with performance objectives has
over predicted migration from the disposed waste). {#120, Roger Seitz}

e How mobile is Be in the subsurface and what factors increase its mobility? Are the same
factors that increase the corrosion rate the same factors that effect mobility? {#117, Sheryl
Leeper}

- Re: #117 From the results of the corrosion testing, the corrosion products on the
beryllium metal surface is strongly adhering. The product has been run through
analytical chemistry with the results mainly consisting of silicates and other beryllium
compounds. We have not measured the thickness of the adhering layer although we
are applying the lessons learned from each retrieval to gain additional information. If
the same factors applicable to corrosion rate affect mobility, then one would expect to
find evidence in the soil. We are planning on applying this theory in the field during
the next excavation opportunity. {#134, Kay Adler Flitton}

e What exactly does the sample weight change over time indicate? Are binding or changes in
structure taken into account (ie: the silicate deposits evident at 3 years)? {#119, Linsey
McDaniel }

- Re#119 Weight change, in this case weight loss, indicates the amount of beryllium
metal potentially being available for release into the environment. Typical
underground corrosion rates are based on material loss applied overall (generally).
This is a reasonable representation to determine how much material could be
available to the environment. Further investigation is recommended to determine how
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the material is bound in the soil matrix once corrosion happens. Also, further
investigations need to take place to see if the beryllium and subsequently
radionuclides that are not soluble (TCLP) may in fact be bound close to the disposal
and not transportable. {#135, Kay Adler Flitton}
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Comments on Radioactive Isotope Release from Buried Beryllium

¢ Did the barometric pressure have any effect on mobility and release in the soil vapor phase?
{#121, Sheryl Leeper}

- Ritter response to question 121 -- I suspect that barometric pumping is an important
process that causes HTO migration through (up and down) the soil column,
particularly in the disturbed soil in the auger hole. The net effect of barometric
pumping would be dispersion of the HTO that would, over periods of weeks, look
like diffusion. {#144, Paul Ritter}

e Has there been any contacts made at other disposal facilities where beryllium has been
disposed to see if any soil gas monitoring has been performed to see what might be
happening at those disposals? {#124, Carlan Mullen}

e Any measurements of other radionuclides? {#125, Gary Anderson}

- Ritter response to question 125 - no; I think that we'd need to collect soil liquid
samples, because most (all?) of the other radionuclides migrate only in solution or
perhaps suspension in the liquid phase. Liquid samples are difficult (often impossible)
to collect from the unsaturated soil zone. {#147, Paul Ritter}

e When was the beryllium disposed that is being studied in the soil vault? {#126, Carlan
Mullen}

- Answer to comment 126 - Be was disposed in 1993. {#127, Raj Bhatt}

e Potential for measuring concentrations of nuclides in water beneath soil vault that has passed
through? {#128, Gary Anderson}

- Ritter response to question 128 -- I haven't seriously considered asking for installation
of liquid sampling ports (suction lysimeters) beneath the auger hole, but I think that
the ports could be installed without any serious safety problems. Actually getting
liquid from the soil depends on soil conditions that you can't predict or control, so
there would always be the risk of putting in a 'dry hole'. {#154, Paul Ritter}

e My understanding is that the C-14 is predominately in the non-Be metal components attached
to the ATR Be blocks and shim cylinders. Is C-14 a significant source in the Be? One of the
proposals to dispose of the ATR Be blocks and shim cylinders was to remove the non-Be
metal components to meet the greater than Class C limitations. Is this possible? {#130, Jeff
Brower}

- Answer to comment 130: The :C-14 in Be is due to the nitrogen impurity in Be.
Approximately 2 Ci/block or shim cylinder is produced due to irradiation of Be.
There might be additional C-14 in attachments. {#137, Raj Bhatt}
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Ritter response to comment 130 -- I thought the reason for considering removing the
non-Be components is to get rid of the long-lived niobium (93 or 94?). I think that the
~10 Ci estimate that I used for my presentation is associated with the beryllium, and
comes from neutron reactions with nitrogen impurities in the beryllium. {#142, Paul
Ritter}
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Comments on The WIPP Remote Handled Transuranic Waste Program

How difficult will it be to get INEEL authorized for RH-72B shipments? {#138, Glen
Longhurst}

Response to 138: It would be a bit of a challenge to get the Be material certified for
the RH-72B. The Be would be difficult to get past the HAC analysis. {#161, Clayton
Gist}

What would it take to get INEEL certified to ship Be blocks or OSCC using the RH-72B
cask. {#139, Brian Anderson}

Response to comment 139: The current limit for Co-60 in RH 72-B cask is 32 Ci. The
beryllium block when removed from reactor contains about 220 Ci of Co-60. What
that means is even if we are certified, Be blocks will need about 20 years ( or about
five half-lives for Co-60) before it can be shipped. Also only one block can be
shipped at time. Decay heat can be another problem. {#141, Raj Bhatt}

Re 139: ATR currently has 2.5 MCi of Tritium in the Be waste in the ATR Canal.
WIPP is highly unlikely to accept ATR Be waste if their total radionuclide inventory
limit is 5.1MCi (from an earlier presentation). {#143, Jeff Brower}

Re: 143, 141. If we have to wait 20 years cooling period to ship Be components, the
Tritium decay from a 12.33 yr half-life will be reduced to less than half, or about
1 MCi, which should help out a bit. {#146, Brian Anderson}

Re:139- Once the WIPP Facility is certified to receive the RH, then the Be program
must go through the certification process and get into line with the other shippers.
{#167, Clayton Gist}

Re 139- You are correct since we must satisfy the needs of multiple shipping sites
and must take that responsibility into consideration while evaluate the needs of the Be
program. {#171, Clayton Gist}

I thought I read somewhere that disposal in WIPP was in Rh-72B liner canisters. Is that
correct? If not, what containers are used? {#140, Glen Longhurst}

Re #140- Yes that is correct, the 72-B canisters are the disposal containers. {#170,
Clayton Gist}

How long is WIPP to be operational? Earlier, we saw where HFIR has another 48 years of
life, ATR may have a similar life expectancy. This indicates a beryllium disposal path needed
well into the future. What, if anything is planned beyond WIPP? {#145, Kay Adler Flitton}

Re 145- The WIPP facility will operate at a near capacity level until the current
inventory of legacy waste(both CH and RH waste) has been disposed. This is
currently perceived to completed on or about 2015. There after it will operate at a
reduced level as long as needed. {#172, Clayton Gist}
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e Does all the Be in inventory from INEEL and Oak Ridge meet the definition of "defense
waste"? {#148, Nate Chipman}

- Re #148- 1 don't know. Some of the material has been designated as defense. {#173,
Clayton Gist}

e No plans for additional types of casks. {#151, Buck West}
- Re #151- Correct there are no plans to certify other casks. {#174, Clayton Gist}

e Issue of WIPP closure before Be decays enough to allow for placement within total inventory
on Curies {#152, Gary Anderson}

e  WIPP will close down several years after Hanford is done. But will operate at a reduced
level. {#155, Buck West}

e Copy of criteria (letter) for determining defense related. {#157, Gary Anderson} [see
Attachment 1]

e Noted it is probable WIPP will remain open longer than 30 years even though currently
planned to close earlier by law? Bases or clarification? {#159, Gary Anderson}

- Re #159- The planned closure of thirty years is a planning date not a commitment by
law. {#175, Clayton Gist}

e Comment of a better alternative than WIPP longer term for Be disposal (RH-TRU) noted, but
not further described. What was/is the alternative? {#160, Gary Anderson}

e How will WIPP RH TRU program coordinate placement of RH TRU with CH TRU
program? Will the schedule and logistics of disposing of RH TRU prior to placement of CH
TRU exclude acceptance of ATR Be reflector blocks that require 20 years of decay prior to
shipment to WIPP? {#164, Julie Conner}

- Re #164- The RH waste must be in place in a given room in the facility before CH
can be put in place. Therefore, time is the enemy of RH placement and the 20-yr.
decay time may be an impediment to disposal because of lack of space. {#177,
Clayton Gist}

Other commentsipresentations as requested by attendees

General Comments

e Is a copy of the slide show presentation(s) going to be forwarded along with the Meeting
Notes? {#28, Sheryl Leeper}

- Inresponse to #28 - Yes all material will be included in the workshop report. The
workshop record will probably be issued as a CD. {#41, Buck West}
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Plum Brook Reactor Beryllium - Bryan Moyers (ANL)
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Plum Brook Reactor Beryllium - Bryan Moyers (ANL)
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Plum Brook Reactor Beryllium - Bryan Moyers (ANL)
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Plum Brook Reactor Beryllium - Bryan Moyers (ANL)
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Plum Brook Reactor Beryllium - Bryan Moyers (ANL)
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Plum Brook Reactor Beryllium - Bryan Moyers (ANL)
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Plum Brook Reactor Beryllium - Bryan Moyers (ANL)
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Plum Brook Reactor Beryllium - Bryan Moyers (ANL)
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Plum Brook Reactor Beryllium - Bryan Moyers (ANL)
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Comments on Plum Brook Reactor Beryllium

Reactor was operated from 1962 to 1973. {#162, Buck West}
Be plates will not fit into any commercial transport casks. {#163, Buck West}

Several unknowns about the Be plates and what will happen once they start handling the
plates. {#165, Buck West}

One of the plates was found to be bowed and cracked. This plate is now in hot storage on
site. {#166, Buck West}

At Sandusky, they are in the early stages of studying the plates and described the issues
associated with the plates. {#168, Buck West}

Planned disposal at Barnwell, SC, criteria for disposal of irradiated Be likely assumes its low
level waste (less than 100 nCi/g transuranics). {#169, Gary Anderson}

Ritter question - With regard to your smearable tritium problem, have you taken any air
samples to see if you have airborne tritium associated with particles and/or water vapor? It
wouldn't be too difficult to set up a sampler to pass air through a particle filter and then trap
water vapor for analysis. {#179, Paul Ritter}
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GUIDED DISCUSSION RESULTS

Problem Definition

What are disposal concerns at facilities such as the High Flux Isotope Reactor (HFIR)
and the Missouri University Research Reactor (MURR), which also use beryllium
reflectors?

e Many facilities using Be reflectors may not be aware of the activated impurities issues. They
don't yet recognize a problem may exist with their current disposal path. {#31, Gary
Anderson}

e They have TRU waste and are apparently barred from using WIPP. Any other final
repository for TRU Waste not known. {#32, Lawrence E. Miller}

e HIFR Be to be dispositioned when reactor is closed. That’s a long time from now. What
disposal facility will be open in 40+ years? {#36, Nate Chipman}

e Does the Be from other reactors at Oak Ridge follow the same disposition path as the Be
from HIFR? {#42, Nate Chipman}

e Characterization of the potential level of radionuclides from activation of impurities is
needed for each of the Be reflected reactors. Some may not have the potential transuranics
problems from Uranium, or the C-14 from nitrogen. {#44, Gary Anderson}

e Depending upon activation and operational flux levels, Be components will have differing
levels of TRU in contaminants. Need a way to identify what the Be contains, and categorize
into waste classifications. Need to go back and understand what was already disposed of, to
facilitate management of the disposed (buried components). Need to determine interim
storage capabilities, and ultimate long term disposal options. {#47, Brian Anderson}

e MURR Be inventory is not defense related so the WIPP disposal option is not available.
There appears to be no clear path forward for this material. {#54, Nate Chipman}

e There may be other research reactors and foreign reactors in the same situation - no path to
disposal - DOE has an agreement with some research and foreign reactors for the spent fuels,
could the beryllium be included? {#91, Kay Adler Flitton}

e Disposal concerns at ORNL are a lack of home for the waste materials. We addressed the
problem by initiating agreements to transfer the reflectors to temporary storage on-site. The
agreement requires the reflectors to be returned to the generating facility prior to or
immediately after reactor shutdown. {#57, WEHill }

e Current disposal sites, e.g. Barnwell in USA, and other locations around the world, accepting

irradiated Be as RH LLW may not recognize that the materials may be greater than class C
for various reasons (transuranics, carbon-14 sum of nucllides) {#58, Gary Anderson}
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First there are sampling concerns (or modeling) to determine if TRU exists and at what
levels. Next - If high TRU then where can the materials be disposed. If under NRC license
(like MURR) then WIPP cannot accept. Presently, there are no disposal locations that can
accept, so then where do you store/stockpile the materials onsite for a prolonged period of
time. Key issue is to begin writing campaign to include this type of waste at Yucca Mt. {#60,
Sheryl Leeper}

MURR has an irradiated reflector in storage in the reactor pool that was removed in 1997. It
was in the reactor for 26,000 MWD's. The reflector in operation now will be removed in
2005. With the new awareness of potential TRU and C14, a disposal path needs to be
identified. {#62, Charlie McKibben}

PBREF - #1 Identify original chemical assay information for beryllium plates currently in the
defueled core. (Intent is to rule out TRU disposal concern).

#2 Rule out Part 61and TRU nuclides of concern through physical sampling. This requires
engineering assessment and development of "in-place" sampling techniques (i.e. underwater
vs. remote handling without water shielding, sample technique that doesn't risk fracturing Be
plates without complicating dismantlement, etc.).

#3 Identify all commercial burial site requirements and appropriate burial containers
(preferably avoiding Be-plate size reduction) for H-3 associated with beryllium plates. {#71,
Bryan M. Moyers}

Question: PBREF is in the process of establishing all burial site relationships. Is it now
appropriate to discuss the TRU and C-14 issues with commercial burial sites, or is it best to
wait for an official DOE/Scientific position to be published? {#84, Bryan M. Moyers}

What inventories of irradiated beryllium, other than at operating reactors, will need to be
disposed of?

Conceptual fusion reactors will be using rather massive quantities of Be, perhaps as much as
several tens of cubic meters each. This material will also become irradiated and require
disposal. {#28, Glen Longhurst}

Legacy Be from shutdown or decommissioned reactor facilities such as the Materials Test
Reactor (MTR) and the Engineering Test Reactor (ETR). {#33, Jeff Brower}

Beryllium core components in the MTR and ETR and ETRC reactors at the INEEL.
Components from previous ATR cores currently stored in the canal. {#35, David Gibby}

At the INEEL, other significant inventories include Be from the Materials Test Reactor and
the Engineering Test Reactor. {#39, Julie Conner}

INEEL ETR, MTR, and ATRC, at D&D. Some inventories may be characterized as LLW or
TRU. Thus needing two different waste stream disposal paths. {#40, Carlan Mullen}
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e Be from low power critical facilities. Do these low power facilities have the same issues as
the high power facilities? {#41, Jeff Brower}

e Older shut reactors, such as ETR, MTR, Plum Brook contain irradiated Be components.
{#53, Brian Anderson}

e A future generator which hasn't been discussed is the Spallation Neutron Source in Oak
Ridge. This facility comes on-line in 2006 and has a lot of beryllium reflector material which
will become activated. Other sources could include buried material which is retrieved. {#64,
WE Hill }

e ATR has two other kinds of beryllium not discussed at this work shop. Beryllium capsules
from early years of operation and i hole capsule plugs the capsules are small quantities
(grams) The I-hole plugs are 3 to 5 inches diameter and 50 inches long, that are no longer
used, but not yet declared as waste. {#87, Charles Brooks}

e PBREF has a total of 9 plates, for an estimated weight total of less than 4000 Ibs. {#89, Bryan
M. Moyers}

e Potentially hundreds to thousands of sealed neutron sources (PuBe). Los Alamos had a
program to retrieve and disposition. There may be some cross over to this workshop. {#95,
Nate Chipman}

What concerns exist for irradiated beryllium that has already been disposed of as low-
level waste assuming it is TRU but not RCRA hazardous?

e The identification of irradiated beryllium being classified as TRU waste will necessitate
additional analysis and modeling for Performance Assessments (PA)s and Risk Assessments
(RA)s at the burial grounds and disposal areas. {#37, Kay Adler Flitton}

e Will it be "grandfathered" and left where it is or will it have to be retrieved and disposed of
under current EPA rules? {#38, Lawrence E. Miller}

e It makes no difference if it is "pure TRU" or mixed TRU. Based on agreements with the
regulators, if it comes to WIPP it will be subject to the regulatory requirements of the RCRA
Permit. {#49, Clayton Gist}

e Commercial low level waste disposal facilities will need to do an assessment as to whether
they legally can dispose of the now TRU waste, whether they can get an exemption of some
kind for the legacy disposal, or whether they need to remediate the disposals. {#50, Kay
Adler Flitton}

e Financial and political liability. Release of TRU constituents to and transport within the
environment. Potential retrieval and storage. {#55, David Gibby}

e (Characterize the waste as to risk to public, workers, and environment, per CERCLA, or as
agreed to with local or state regulatory agencies having primacy. Follow prescribed processes
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to complete Risk Assessments, RI/FS, and ROD processes as to how to address the material.
Concerns exist such as irradiation history, contaminants in the Be, length of time for decay,
buildup, etc. {#68, Brian Anderson}

At the INEEL SDA the disposed beryllium will be included as part of the radiological source
term in the WAG-7 Comprehensive RI/FS under the interagency agreement under CERCLA.
Where beryllium has been disposed at commercial disposal facilities the beryllium that has
been disposed should be characterized with the new TRU information and then if found to be
TRU then appropriate actions should be taken. I have no idea what the actions might be if the
beryllium is TRU. As far as real risk from the beryllium if TRU they likely will not be too
great because the levels of TRU in the beryllium are small. {#70, Carlan Mullen}

Yesterday's discussion resulted in a couple of questions on transport issues related to
disposed irradiated beryllium. The mobility of beryllium in the underground environment and
hence the radionuclide release were addressed. Currently, the state of knowledge is
insufficient to determine whether "hot-spot" remediation should take place or whether the
legacy burials should remain undisturbed. There is a need to obtain further scientific data
from the field to help determine a path forward. {#72, Kay Adler Flitton}

The Pit 9 agreement with the State of Idaho provides for a legal interpretation by the Court's
on the applicability of buried waste to the Idaho Settlement Agreement. If buried waste is
included in the Idaho Settlement Agreement, how will this affect the path-forward? {#73,
Julie Conner}

When does a material become TRU? Ifit's not TRU at the time of generation can it be called
non-TRU, even if analyses show it will be TRU in 30 years. {#74, WE Hill }

Mobility of TRU in the environment. The materials may be corroding but is the Be, and more
importantly the nuclides, moving through the environment and creating conditions above
acceptable risk levels {#77, Sheryl Leeper}

The RI/FS for the SDA at the INEEL is scheduled for release very soon. Is this new
characterization information significant enough to delay in the issuance? {#80, Kay Adler
Flitton}

If the legacy burials were to be recovered, where would they be stored? Would they just go
directly to WIPP? {#82, Kay Adler Flitton}

What is a reasonable upper bound on expenditures to identify a disposal solution?
What is the total life-cycle cost attributable to beryllium using presently available or
foreseeable material grades and disposal methods?

A reasonable upper bound to cost should be the cost of the beryllium components. To spend
more on it would not be cost effective. Total life cycle cost should factor in the cost of
replacement components for the future lifetime of the particular reactor, plus the disposal
cost. {#34, Loren Jacobson}
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We should be willing to spend at least as much on finding a solution as the financial threat
posed by the problem. If failure to find a solution would mean a reactor must shut down, then
a modest fraction of the value of the mission of that reactor would not be an unreasonable
sum to spend finding a solution. {#43, Glen Longhurst}

Can MURR continue to dispose of irradiated Be at Barnwell. {#63, Glen Longhurst}

What implications exist for Barnwell when they learn they may have accepted TRU waste.
{#67, Glen Longhurst}

The lower bound is far more obvious. No action is the minimum cost. {#69, Jeff Brower}

What will be required by either ATR or HFIR before they would order a beryllium reflector
fabricated from S-65 material? {#75, Charlie McKibben}

I think the upper limit on expenditures is dependent upon what are the ramifications of no
path forward for beryllium disposal. If that meant that ATR could not continue to operate
within regulatory limits, the funding limit would be higher than if the impact were only that
interim storage would be required. {#76, Charles Brooks}

I believe it is a national need to keep materials test reactors in operation. This is apparent at
ATR because of the continued support and the operational planning assumption (2050) being
used. Therefore interim storage costs for 100 years should be upper bounds for evaluating
disposal option solution costs. {#79, Carlan Mullen}

Logic has been eliminated from environmental solutions by law. A reasonable upper bound
on the cost would be as prioritized by risk to public, workers, and environment, compared to
all other risks at the site, or even within the DOE complex. Life cycle costs could be
substantially reduced by procuring higher quality material up front that will eliminate the
TRU waste problem after irradiation. Existing separation processes to remove TRU
contaminants and trittum from Be components after irradiation would provide a renewable
source of material that appears to be in extremely short supply. {#83, Brian Anderson}

An upper bound needs to be established based on a life-cycle cost analysis. Multiple options
including recovery of H-3 and TRU should also be evaluated. Storage costs (for decay prior
to disposal) should also be considered; as well as, the cost of replacing the Be reflectors at
intervals that allow the TRU concentrations to remain below TRU limits. {#88, Julie
Conner}

What is the problem?

Long term supply of high quality beryllium for DOE applications. {#29, Don Kaczynski}

The disposition of Be in a logical and effective manner. In this process both the disposal and
recycling aspects of the problem should be considered. {#30, Clayton Gist}
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The problem seems to have arisen from the fact that it was not appreciated what would
happen to various beryllium impurities following long term in-reactor exposure. Then the
problem became how to dispose of beryllium with radioactive constituents that it did not
have before. {#45, Loren Jacobson}

The problem is finding what is required to keep high performance research reactors operating
so that they can provide their unique contributions in science and technology that increases
quality of life. This includes educating decision-makers to what is at risk and what
reasonable solutions are possible. {#46, Charlie McKibben}

The problem is facilities are generating waste materials that are not addressed by regulations
and/or protocols for disposal. This has resulted in materials like activated beryllium
becoming orphaned at generator sites due to a lack of a disposal path. {#48, WE Hill }

ATR has SEVERAL potential problems. 1. What is the path forward for disposal of
beryllium components? 2. What is the best interim storage option? 3. Is there a problem with
continuing to generate the waste if there is no immediate path forward for disposal? {#51,
Charles Brooks}

There is no approved path forward for the disposal of radiated Be waste. {#52, Jeff Brower}

The problem is that we apparently don't have a life cycle management strategy/plan within
DOE for procurement, use, and final disposition of Be in all its applications with in DOE.
Also, the various grades of Be available and the varying impurity contents just muddy the
waters and make things complicated for applications where Be is irradiated, mostly as reactor
reflectors. {#56, Lawrence E. Miller}

The source for new Be contains impurities which are not acceptable for reactor applications.
Is there a cost effective method for removing these impurities? {#61, Jeff Brower}

Apparently there is no path for ensuring that we have a domestic supply under U.S. control
after 2011. Appears to be a "strategic material" which is not being recognized as such by
senior Administration Officials or Congress. Needs to be treated as a strategic asset. {#65,
Lawrence E. Miller}

While working the path forward for disposal, what legal/regulatory obstacles exist that would
potentially threaten or delay continued operations that generate Be waste (core internals
change-out at the ATR)? {#66, Bruce Criswell }

It appears we have no path for disposal of irradiated beryllium because of the combined
transuranic and gamma-field issues. We seem to be unsure whether that situation threatens
continued reactor operation. There is a need for an organized program with sufficient support
to find a way to (1) fit this material into an existing pathway, (2) modify material already
irradiated so it will fit into an existing pathway, and (3) prevent future problems by removing
its cause. {#81, Buck West}
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e The path for dispositioning Be could cross several DOE "stovepipes". Be inventories have
been generated at "defense" related facilities, they may now be held in EM "owned" or
operated facilities or sites, and the disposal path is to an "RW" repository. Who owns the
problem, and who pays for any R&D, packaging, shipping, and disposal? {#78, Nate
Chipman}

e Why dispose of these materials in unretrievable sites -- why not dispose of at sites where the
materials can be retrieved and potentially reused in the future (once technology catches up
for removal of impurities, use with impurities, etc.) {#85, Sheryl Leeper}

e Will this "new" issue with its associated potential costs adversely impact reactor
programs/operation? {#86, David Gibby}

e The disposal path problem is larger than beryllium waste. There are numerous waste streams
without a disposal path that are activated. Many of these waste streams would have the same
or similar disposal paths if they could be worked together. (High activity SST, Inconel,
graphite, beryllium) {#90, Carlan Mullen}

e 1) How do we make sure that continued reactor operations with existing Be components on
hand and planned to be used is legally and regulatorily approved? 2) What do we do about
the buried Be components to comply with existing environmental regulations? 3) What do we
do with the irradiated Be components that are in storage currently, or that will be generated in
the near future, as to compliant interim storage and ultimate long term Treatment, Storage, or
Disposal, hopefully in that order? 4) Is there a cost effective way to eliminate the source of
the problem for future Be components, so that the current TRU disposal dilemma can be
avoided? {#97, Brian Anderson}

General comments

e There are other metals that do not have disposal path similar to Be. The problem is larger
than just Be. {#94, Buck West}

e Before everyone gets hung up on "disposal" of irradiated Be material, we should consider
options for treatment for recycle, and retrievable storage, before we get locked into non-
retrievable disposal. {#96, Brian Anderson}

e At one time there was a beryllium coordinating committee that included representation of all
users and producers. It would be useful to re-establish this committee. {#98, Loren
Jacobson}

e Beryllium strategy committee, with representatives of the government departments with

concerns, was disbanded - perhaps this needs to be implemented again. (comment from
Loren Jacobson) {#99, Kay Adler Flitton}
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Problem Consequences

What are the feasibility, cost, and programmatic impact if "Defense" classification is
required for research reactor beryllium to be disposed of at WIPP?

e Prog: Defense classification could open the door to DNFSB oversight at TRA. {#101, Brian
Anderson}

e Cost: Doubtful this would be significant. {#104, Brian Anderson}

e [believe ATR waste beryllium could be classified as defense related waste, even though
ATR is not a defense related facility. If true, there is no impact to ATR. {#106, Charles
Brooks}

e Feasibility: Not considered a major obstacle. {#107, Brian Anderson}

e WIPP is a valuable asset to the US for disposition of TRU waste. Shipping just one HFIR
permanent beryllium reflector to WIPP would use up 5% of their total curie allocation for
about a micro-curie of TRU. It's hard to justify utilizing a valuable resource like WIPP in that

manner. WE Hill {#114, WE Hill}

What would be the consequences of failing to move now to resolve issues of disposal
for irradiated beryllium?

e Generator facilities, field office capabilities (hot shops and cells) are being D&D’d which
may be important to the strategy needed to disposition beryllium. {#102, Carlan Mullen}

e No path forward for disposal would impose interim storage. Right now the available storage
is limited. What would be the costs for developing interim storage facilities? How would the
storage facilities be regulated? {#110, Kay Adler Flitton}

e We seem to have accepted for years the philosophy that our successors will be able to deal
with these issues more successfully than we can. {#111, Glen Longhurst}

e Long term interim storage costs at generator sites will continue at higher life-cycle costs than
eventual disposal. I think we just have to look at spent fuel and high level waste as examples
of cost the problems. The only difference is the beryllium is a fairly small volume and
appears to have less health and environmental release risk. {#112, Carlan Mullen}

e There is a process to authorize continuing operation with no path to disposal. This is deemed
doable for the current CIC cycle. Failure to identify a path to disposition could eventually

preclude continuance of reactor operations. {#113, Brian Anderson}

e Path forward to disposal may close--such as missing dates for inclusion of material in license
application for HLW repository. {#115, Nate Chipman}
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Cannot under DOE rules continue to generate a waste with no path for disposal (can continue
to generate while developing a path). Reactor or other operations generating such a waste
could not continue. {#116, Gary Anderson}

This could eventually cause the shutdown of major irradiation reactors that are now being
used to produce radioisotopes that are being used in new radiopharmaceuticals that are
showing success in treating cancer and adding quality of life those suffering from cancer.
{#118, Charlie McKibben}

Individual generator problem solving will likely cost much more than a national solution.
With out a national solution individual generators will solve the immediate storage problem
to allow continued operation to meet programmatic objectives. {#119, Carlan Mullen}

Reactors that generate Be with "no path to disposal", i.e. orphan waste may be unable to
continue operations. An exemption to allow continued production of "no path to disposal"
waste will likely be attainable in the near-term (as long as there is an active program to
develop a disposition path). However in the long-term; this issue may shut down reactor
operations. The consequence would be that the U.S. would loose the capability to perform
nuclear fuel and material research; and, produce medical and strategic isotopes. {#120, Julie
Conner}

Allowing this problem to languish without progress to resolution will increase likelihood of
higher level decisions to eliminate the source of the problem. {#121, David Gibby}

Increased cost associated with short/intermediate term storage. Another potential negative
public relations issue. {#123, Bruce Criswell}

There is no immediate consequence for interim wet storage of irradiated beryllium storage.
Efficient use of deep section of the ATR canal, using stackable containers will allow atr to
operate for another 50 years. The concern is a regulatory question, i.e., whether we shall be
allowed to continue storing it in the canal and continuing reactor operations. We do no
believe it is necessary to store the beryllium dry and that would be costly solution, particuarly
if the waste beryllium must later be repackaged to meet transportation and/or final
destination site packaging requirements. {#130, Charles Brooks}

Negative stakeholder (public and regulatory) perceptions of DOE would arise, that ultimately
impact continued operations funding and future nuclear operations. Public and Regulators
perceptions of DOE would again be that DOE is attempting to avoid dealing with a problem
{#131, Gary Anderson}

New reactors utilizing this material may be hindered from being developed if life-cycle
issues such as disposal paths are not resolved. Our aging nuclear infrastructure may rely on
solving this issue if we, as a country, pursues future nuclear energy options. {#132, Kay
Adler Flitton}
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If a disposal pathway cannot be found, can reactors continue to generate this waste
stream?

There should be a way to ensure continued operation provided work is in progress to find a
solution. {#105, Glen Longhurst}

DOE Orders provide a mechanism for continued generation of waste with no identified path
for disposal where programmatic need justifies the continued generation. This will allow for
continued operation of the reactors in the near term. However, work needs to progress on
identifying a viable disposal path or operation of affected reactors in the future could be
impacted. {#108, David Gibby}

There is a process to obtain authorization to continue to generate a "waste with no path to
disposal." TRA is pursuing this process, and expect to obtain relief to support the next CIC
cycle. Beyond that, there is no guarantee we could get another exemption. Hopefully by then,
there will be a new management strategy that will identify a disposition path. {#128, Brian
Anderson}

In the near-term an exemption can likely be sought and approved. However, progress must be
demonstrated toward developing a disposition path in order for the federal government to
continue to allow generation, i.e. replacing Be in operating reactors. {#134, Julie Conner}

What are the consequences of the problem(s)?

The political sensitivities about continued reactor operations may be exacerbated by
disclosure of this additional complication. Some may push strongly to close the reactors now
rather than waiting several decades. That still leaves already disposed material and currently
on-hand material to deal with. {#103, Glen Longhurst}

Loss of domestic beryllium metal supply, and loss of operational reactors needing beryllium
could result from failure to address the problems raised by this group. However, other
potential users of beryllium would also be affected, and should be weighing in soon on their
own supply issues. Again, this entire situation should stimulate formation of a national
beryllium coordinating committee to bring appropriate focus on the problem and obtain
attention of high level decision making authority. {#109, Loren Jacobson}

There may be substantial cost impacts at DOE disposal facilities (e.g., RWMC) and at
commercial facilities (e.g, Barnwell, SC) for remediation. {#117, Glen Longhurst}

This is a low volume waste stream with high cost consequences if not solved in the
immediate future. {#122, Carlan Mullen}

Long term Regulatory Constipation of Operating Reactors without adequate storage space for
materials that cannot be dispositioned. Eventual inability to continue operation. Lack of
future domestic supply of unirradiated Be metal, forcing purchase from unreliable sources.
Performance fails to meet national security needs without Be metal for future systems. {#124,
Brian Anderson}
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HFIR looked at replacing the reflector with heavy water prior to this latest beryllium outage.
The logistics, costs, and other impacts were of a magnitude that we kept the reactor beryllium
reflected. Neutronically, it is essential to continued operation. Consequences of loss of
beryllium supply are potentially severe. It is not clear that a supply problem is imminent, a
domestic supply loss may be imminent. On-site storage will be the consequence of not
solving the problem. {#125, WE Hill}

Opportunities will be lost or not identified if a national strategy for beryllium disposition is
not developed to guide the individual generators in managing the beryllium disposal. {#126,
Carlan Mullen}

Eventually cripple or completely shutdown many highly sensitive and strategically important
defense and basic research programs within DOE, DOD, and NASA that would cascade
down to cause negative impacts on other important areas for the U.S. {#127, Lawrence E.
Miller}

If reactors utilizing Be cannot continue operation, what are the consequences to the Navy,
national defense, educational research, future education of a new generation of nuclear
engineers, etc.? Pick any one, its like "for lack of a nail a war was lost" {#129, Nate
Chipman}

Higher disposal costs would result in higher costs to customers. {#133, David Gibby}

Can the problem(s) be prevented, mitigated, or resolved?

Dispose beryllium at Yucca Mt. instead of WIPP. While not intended for disposal at Yucca,
special case waste was analyzed and it was not specifically excluded. The key at this point
will be to work with Yucca as they prepare the permit application. {#17, Buck West}
Reprocessing of used material. {#153, Buck West}

Find and use an alternative to beryllium for reflectors in reactors. {#154, Buck West}

What actions should we be taking?

eek and develop a national/international program that can support education, research,
negotiations, etc.

In order to get high level attention and political support; the affected agencies should acquire

an independent organization like NAS, etc to evaluate the problem and propose a solution.
{#149, Julie Conner}

National strategy for beryllium supply and cycle.

Develop methods for removing undesired impurities before use {#141, Loren Jacobson}
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define/characterize the existing problem inventory of Be waste via modeling and sample
analyses {#142, Gary Anderson}

Develop interim storage facilities for irradiated Be. {#143, Jeff Brower}
Pursue disposal of irradiated Be at Yucca Mt. {#145, Jeff Brower}

Formulate a National life-cycle strategy prepared by the beryllium coordination committee.
(INEEL take the lead in preparing a proposal (scope, cost and schedule) that starts up the
coordination committee) {#146, Carlan Mullen}

Develop interim storage standards and practices that would allow for the safe storage of
material (perhaps dry storage) until a strategic plan including recycle and disposal can be
formulated and implemented. {#148, Nate Chipman}

Define practical disposition options/paths and requirements/barriers to acceptance for
current stored and near term generated. {#151, Gary Anderson}

Establish a beryllium coordinating committee to develop a national strategy for supply,
use, and disposition of beryllium.

National Working Group to educate the Nation on Strategic Be Needs. {#139, Brian
Anderson}

Re-establish the beryllium Coordinating Committee {#137, Loren Jacobson}

This problem is too big for this two day session to come up with any solution. This two days
has been invaluable in sensitizing me to the problem. Establish a Be Working Group with
membership of all stakeholders to hold a series of meetings with the goal of preparing a
straw-man national strategy for Be procurement, application and disposal along with
complete justifications. This straw-man would be used to inform the high-level decision-
makers. {#150, Lawrence E. Miller}

Seek exemption for disposal of existing beryllium based on low risk and small
quantities, while pursuing new beryllium that is free of undesirable impurities.

Develop/provide interim guidance to generators in the short term until a national
strategy can be developed.
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sussecT:  Implementation Guidance Concerning *Atomic Energy Defense Activities” as
Used in the Waste Iselation Pilot Plant Land Withdrawal Act

to: Distribution

The purpose of this memorandum is to previde guidance concerning the
meaning of the term “atomic energy defense activities” as used in the
Waste [solation Pilot Plant (WIPP) Land Withdrawal Act (LWA). Under the
LWA, WIPP is authorized to receive for disposal only materials generated
by atomic energy defense activities. After reviewing the relevant
statutes and legislative history, the Office of Genaral Counsel (GC) has
concluded in the attached memorandum that the term “atomic energy

defense activities” as used in the LWA has the same meaning as provided in
section 2 of the huclear Waste Policy Act of 1982 (NWPA)

(42 U.S5.C. §10101). Under the NWPA definition, atomic energy defense
activities ‘cover defense activities and related cleanup activities,
performed in whole or in part, in carrying out the following functions:

naval reactors develapment:

weapons activities including defense inertial confinement fusion;
verification and control technology;

defense nuclear materials production;

defense nuclear waste and materials by-products management;

defense nuclear materials security and safeguards and security
investigations; and :

+ defense research and development.

- g ® s 8 @

This definition does not extend to materials generated by DOE's purely
civilian atomic energy activities and programs.

At sites where civilian and defense TRU waste, generated in the past, has
been commingled for storage and the defense portion cannot be separated
out for disposal, the commingled waste can be disposed of at WIPP because
the storage activities at these sites historically have been performed in
part to carry out defense nuclear waste management and, therefore, fall
within the NWPA definition. For the future, however, to remain faithful
to the congressional intent, TRU waste generated in defense nuclear
activities should be segregated from TRU waste generated in civilian

nuclear activities, and only the defense portion should be shipped to
WIPP.
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The attached interpretation or the term “ztomic energy defense activities”
represents the Department's position on TRU waste disposal at WIPP. D[OF
sites preparing TRU wastes for dispasal at WIPP shall carry out their
activities in accordance with this guidance and the attached

interpratation.

Stephan P. Cowan

Oeputy Assistant Secretary
for Waste Management

Environmental Managemant

Attachment
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Department of Energy j&uw
Washington, DC 20585
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MEMORANDUM FOR: AL ALM SE
ASSISTANT SECRETARY
FOR ENVIRONMENTAL MANAGEMENT

GEORGE DIALS
MANAGER
CARLSBAD AREA QFFICE

FROM: ROBERT R. NORQHAU R -
GENERAL COUNS JAV;

SUBJECT: Interpretation of the Term "Atomic Energy Defense
Activides” As Used In the Waste Isolation Pilot
Plant Land Withdrawal Act

—_—
—

INTRODUCTION

The Dcparﬁrncnt of Encrgy (DOE) is proposing to begin the disposal phase at the Waste [solation
Pilot Plant (WIPP), the nation's first deep-geologic nuclear waste repository, in 1998. A question
has anisen concerning the meaning of the term “atomic energy defense activities” as that term is
used in the Waste Isolation Pilot Plant Land Withdrawal Act (LWA), Pub. L. No. 102-579, 106
Stat. 477 (1992), to define the source of waste that may be disposed at WIPP. The purpose of
this memorandum is to determine the scope of that term 50 that the Office of Environmental
Management and the Carlsbad Area Office can provide technical guidance to the sites around the
complex as 10 what mansuranic (TRU) waste qualifies for disposal at WIPP.

FACTUAL BACKGROUND

In 1979, Congress authorized WTPP as a “research and development facility to demonstrate the
safe disposal of radicactive waste resulting from defense activities and programs of the United

States.” Department of Energy National Security and Military Applications of Nuclear Energy
Authorizauon Act (DOE National Security Act), Pub. L. No. 96-164, § 213 (emphasis added)

On July 1. 1981, DOE agreed with the State of New Mexico to limit WIPP to the disposal of
defense transuranic wastz,'

' The Agreement for Consultation and Cooperation berween DOE and New Mexico settled

the ligation known as Staje of New Mexico v, Dep’t of Energy, Civil Action No. 81-0363 IB.
Among other things, the Agreement excludes “any radicactve waste generated by the commercial

nuclear power indusary” from its definition of WIPP eligible “defense waste.” Article I1-
Definitons at E. ’
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On October 30, 1992, Congress enacted the LWA. withdrawing the land surrounding WIPP for
exclusive use by DOE and expressly defining WIPP's mission as the disposal of transuranic waste
generated by “atomic energy defense actvides:”

The term “"WIPP" means the Waste [soladon Pilot Plant project authorizad under
secaon 213 of the Department of Energy Nadenal Secunty and Military
Applications or Nuclear Energy Authorizadon Act of 1980 (Pub. L. 96-164: 93 St
1259, 1265) w demonstrate the safe disposal of radicactive waste materals

‘generated by atamic energy defense acrvides,
Pub. L. No. 102-579, § 2(21) (emphasis added)
DOE has historically defined the TRU waste eligible for WIPP as follows:

Defense waste

Nuclear waste deriving from the manufacture of nuclear weapons and operation of
naval reactors. Associated actvides such as the research in the weapons
laboratories also produce defense waste.’

Recendy, the Carlsbad Arca Office has suggested. based upon its reading of the Atomic Energy
Act of 1954 (AEA), 42 U.S.C. §§ 2011, ¢f seq., that for purposes of determining what waste
qualifies for WIPP, the term “atomic energy defense activites” as used in § 221} of the LWA
could be inwerpretad to includc@u*ansummc waste generated by DOE atomic energy
activity. Under the suggested interpretation, only TRU waste generated by the commercial
nuclear power industry would be barred from WIPP, and that by operation of the 1988
Agreement berween DOE and New Mexico, not by the definition in § 2(21). This suggeston is
denved from a poruon of the Congressional declaration of policy in the AEA at 42 U.S.C. §
2011(a) ("...the development. use and control of atomic energy shall be directed so as to make the

i

TRU waste is waste that conuains alpha particle emiting radionuclides with awmic
numbers greater than that of uranium (92), and half lives greater than 20 years. in concentrations
greater than 100 nanocuries per gram of waste. TRU waste is primarily generated by research
and development acuvites, plutonium recovery, weapons manufacturing, environmental
restoration, and decontamination and decommissioning projects.

> See. c.g., First Supplement 1o the WIPP Environmental Impact Statement (SEIS 1) (1990)
Glossary at5. The SEIS T also recognized that “{t]he post-1970 generated TRU waste proposed
to be disposed of at the WIPP results primarily from defense-related plutonium reprocessing and
fabrication as well as defense-related research activites at DOE facilities.” SEIS at GLO-5 and 1-
1, 2-8. Mostrecently, the February 1996 Implementation Plan of the WIPP Disposal Phase

Supplemental Environmental [mpact Statement (SEIS 1) defined defense waste idendcally to
SEIS I. SEISTIL Glossary at vii. .
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maximum conmbunon to the general weifare, subject at all times to the paramount objective of
making the maximum congibution to the common defense and security™ and 42 U.S.C. § 2102(a)
(“the development udlization and conuol of atomic energy for military and for all other purposes
arc vital to the commeon defense and security™).

The suggested inerpreadon would define WIPP-¢ligible waste broadly enough o make ail TRU
waste generated by DOE cligible for disposal and thereby free WIPP and the generator sites from
the need to determmine the ongin of their TRU wasta:

CONCLUSION

The term “atomic energy defense activities” permits WIPP to dispose of defense TRU waste
resulting from all of the noncivilian activities and programs of DOE. including weapons
production, naval reactors. defense research and development. associated defense environmental
restoradon and waste management and other defense-related activites. as defined more
specifically in the Nuclear Waste Policy Act from which the term was borrowed. The
information available to the Office of General Counsel indicates that. as so understood. “awomic
energy defense’ wasle represents the overwhelming majority of the Deparmment’'s TRU
waste. On the other hand. neither the applicable statutory provisions. the legisiative history or the
Department’s own histonc interpretations of the term permit an interpretation of “atomic energy
defense actvities” that would extend WIPP's mission to the disposal of waste from DOE's purely
civilian atomic energy activiges and programs. '

ANALYSIS

The express terms of § 2(21) of the LWA indicate that Congress intended WIPP to provide for
the disposal of waste from “defense” acdvites. If Congress intended that all TRU waste - from
both the civilian and defense programs and activities of the Department -- be cligible for WIPP, it

" could (and presumnably would) have said had so. [ndeed. in § 7(b)(5) of the LWA. Congress
directed the Secretary to submit “recommendations for the disposal of all mansuranic waste under
the conerol of the Secregary..."” (emphasis added).  Application of the principie of starutory
construcdon known by the maxim “expressio unius est exclusio alterius” suggests that where
Congress uses a general erm 1n one provision, here by providing for a report addressing “all”
waste under the Secretary’s control in § 7(b)(5), and limits another provision, here by restricting
WIPP to waste from defense acuvites in § 2(21), Congress is deemed to have intended the
limitation it expressed. On the other hand. Congress appears to have intanded TRU waste from
all of the Deparmment’s defense-refared activites to qualify for disposal at WIPP.

The legislative history of both the LW A and the DOE Natonal Security Act supports the _
conclusion that Congress did not intend to permit disposal of all of the Deparment’s TRU waste
at WIPP, but instead specifically intended WIPP to handle the Departmnent's defense TRU waste.
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A. The DOE Nagonal Secnncy Act

Since the passage of the DOE Nadonai Security Actin 1979, WIPP's mission has been deseribed
as the disposal of “defense waste:”

The Secretary of Energy shall proceed with the Waste Isoladen Pilot Plant

- construcdon project authorized 10 be carried out in the Delaware Basin of
Southeast New Mexico (project 77-13-f) in accordance with the authorizaton of
such project as modified by this section. Notwithstanding any other provision of
law, the Waste [soladon Pilor Plant is authorized as g defense acviry of the
Deparmment of Energy, administered by the Assistant Secretary of Energy for
Defense Programs. for the express purpose of providing a rescarch and
development facility to o di i ‘

rsuinng from the defense activities and programs of the United States exempted
from reguiation by the Nuclear Reguiatory Commission.

Pub. L. No. 96-164, § 213 (emphasis added),

In the Conference Report accompanying the DOE National Security Act. the joint conferess

indicated that they understood “defense waste” to include waste from the producton of nuclear
weapons:

The process of producing nuclear weapons yields byproducts, custorarily referred
to as nuclear wastes, that are hazardous in cenain regimes and which should be
isolated from the biosphere on a permanent basis. Defense nuclear wastes have
been accumulanng and safely stored at temporary storage sites over the past 35
years. The issue of the uldmate disposal of nuclear waste is one of the most
roublesome challenges of our ume. The United States has not yet decided the
ssue of how to permanently store nuclear wastes resulting from various national
defense programs. The right combinaton of public concemn, technology and
resource application is needed in order to produce a decision. Such a decision will
not be simple. and the WIPP will contibute but one small piece to that decision,

H. R. Rep. No.702, 96th Cang., Ist Sess., at 18 (1979).

The conferees also expressly rejected the Administration's proposal to dispose of commercial
waste at WIPP: .

The WIPF. originally authorized in 1976, was conceived as a research,
development and demonswation project for the storage of defense waste. Since
that ime, the Administration has proposed changes 10 the mission of the WIPP
regularly, first to include the storage of 1,000 spent fuel assemblies from
commercial reactors. and later a commercial type “intermediate scale facilicy”
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where defense nuclear wastas would be stored for the payment of a "fes.” This

constant attempt (0 change the purpose of WIPP has resulted in delay and
confusion.

B. The Land Withdrawat Act

On Ocrober 30, 1992, Congress reaffirmed the nature of WIPP's mission as a repository for
defense waste when it passed the LWA: ' :
The term “WIPP" means the Waste Isolation Pilot Plant project authorized under
section 213 of the Department of Energy Natonal Securiry and Military
Applications of Nuclear Energy Authorization Act of 1980 (Pub. L. 96-164: 93
Stat 1259, 12865) to demonsmate the sare disposal of radioactive waste materials

generaied by atomic epergy defense acriyites.

Pub. L. No. 102-579, § 2(21) (ernphasis added).

The history of the LWA indicates that Congress intended the term “atomic energy defense
activides” to distinguish defense activides from civiiian atomic energy acuvides. Both the Senate
version of the LWA, S. 1671, and the version of H.R. 2637 offerad by the House Armed Services
Comminee proposed to expressly define “atomic energy defense acuvity” as having “the same
meaning as is provided in secton 2 of the Nuclear Wasta Policy Act of 1982 (NWPA) (42 U.S.C.
10101).™ The NWPA defines the term “atomic energy defense activiry” to cover a broad range
of defense actvites: -

(3) The term “atomic energy defense actvity”” means any activity of the Secretary .
(of Energy] perfommed in whole orin par in camving out any of the following

funcdons:

(A) navai reactors development:
(B) weapons activides including defense inerdal confinement fusion:
(C) verification and control technology;

(D) defense nuclear materials production:

4

As onginally inroduced in the House on June 13. 1991, H.R. 2637 defined WTPP at §

2(17) as a "project ... to demonstrate the safe disposal of radioactive waste materals generated by
defense programs.”
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(E) defense nuclear waste and matenals by-products management

(F} defense nuclear materials security and safeguards and securicy
invesogadons; and

(G) defense research and development.

42 U.S.C. § 10101(3) (emphasis added). At the same ime, however, the NWPA clearly
distinguishes between civilian and defense nuclear acdvides. Specifically, the NWPA defines

. “civilian nuclear activity” as any atomic energy actvity other than a defense acavity. 42 U.S.C.
§10101(5).°

While the express reference to the NWPA definidon was not included in the final ext of the
LWA. itappears from the history of the Senate and House proceedings that Congress adopted
the term "atornic energy defense actvides.” the same terrn Congress had used in the NWPA, in
order to limit waste that could be disposed of at WIPP to waste rrom “defense acuvides™ as that

erm has been tradidonally understood. For example. the Senate Report describes WIPP's
mission and scope as follows:

The Waste Isoladon Pilot Plant is a research and development facility of the
Department of Energy authorized by Public Law 96-164 for the purpose of
demonstraton of the safe disposal of radioacdve waste gcncratcd by DOE’s
nuclear weapons production actvities.

The United States has been generaring radicactve waste in its nazional defense
programs since the 1940's. . . . The transuranic waste that would be emplaced at
WTPP resuits primarily from plutonium reprocessing and fabricadon. as well as
from research and development acdvides at various DOE facilities.

S. Rep. No. 196, 102d Cong., 2d.Sess., at 15 (1991) (emphasis addcdj.

The Senate Repor includes two letters from Secretary of Energy Watkins, dated October 4 and
15, 1991, respectvely. Neither letter raises any issue with respect to the narture of transuranic

5 Some of DOE’s sites have historically performed both defense and civilian atomic energy

activities and have swored their TRU waste from both together. The language in the NWPA,
which defines “atomic energy defense acaviry” to include “any actvity . . . performed in whole or
in part in carrying out. . . defense nuclear waste and materials by-products management.” would
allow disposal of such historically co-mingled waste at WIPP because the acavity has been “in
part” defense nuciear waste management. To avoid any abuse of this provision of the NWPA,
however, TRU waste resulting from defense activities should be segregated from TRU waste

resulting from civilian nuclear acuvities where it is feasible to do 50, and only the defense waste
porton should be shipped to WIPP. '
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waste that may be emplaced at WIPP. Indeed. both lerters appear to proceed from the
assumpton that the definiton of waste in the proposed legisiadon was accepable. [d at 34-3

The full Senate considared the bill on November 3, 1991. In the debate. Senator Bennex

Johnston, Chairman of the Commirtee on Energy and Natural Resources. described WIPP as
follows:

The Waste Isoladon Pilot Plant is a research and development facility of the
Department of Energy that was authorized by Public Law 96-164 for the purpase
of demonstagng the safe disposal of radicactive waste generated by DOE’s
puclear weapons production actviges. . .. The facility is now ready to open to
begin the experimenal program. During that program. DOE will conduct a series
of experiments to evaluate the faciliry’s ability to comply with the environmental
laws governing the safe storage and disposal of nuclear waste. . . . The transuranic
waste that will be emplaced at WTPP results primarily from plutonium reprocessing
and fabricadon. as well as from research and development at various DOE
facilides. . . . This is a major milestone in the Depanment’s #fforts 1o demonsirate
! bnol i fely the |

137 Cong. Rec. S15988 (daily ed. November 5, 1991) (emphasis added).

The House was equally clear in its view of WIPP's role as a repository for waswe from defense
activities, not simply "any" atomic energy actvity. See, e.g., Report of the Committze on Intarior
and Insular Affairs, H. R. Rep. No. 241, Pant 1, 2d-Cong., lst Sess.. at 12-14 (1991), discussing
both the defense waste program and the history of WIPP. There, as in the Senate. the Secretary
of Energy lodged DOE’s comments on H.R. 2637 and did not dispute the committee’s
characterizatdon of the defense waste planned for disposal at WIPP. [d. a1 24-29.

There is no suggestion in the legislative history that. in referring 1o “atomic energy defense
actviry,” Congress.-was harkening back to the broad notion of “common defense and security”
referenced in the Atomnic Energy Act Rather. the repeated references by Congress to the
Departmment’s nuclear weapons production activites in describing WIPP's mission. and the
absence of any reference to the Deparmment’s civilian nuclear programs throughout this legisiadve
history, reinforce the conclusion that the LW A reference to “atomic energy defense activities”

was intended to connote the common nanonal defense” sense of the phrase rather than a broad
notion of “the common defense and security.”

Even without the legisladve history indicatng that Congress borrowed the term directly from the
NWPA. principles of in pari materia dictate that the same term dealing with the same general

s The same is true for the Statement of Leg P. D[Jffy. Director of Environmental

Restoration and Waste Management S. Rep. No. 196 at 37.

9
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subject matter be interpreted to have the same meaning, absent an indiction that Congress
intended otherwise. [n this instance. no such intent appears. Thus, the e “atomic energy
defense activides” as used in the LW A should be interpreted to cover the same broad array of
defense activides and related cleanup activites described in the NWPA as falling within that term.”
This is entrely consisi=nt with the definidon of defense nuclear waste historically used by W'[PP
i.e.. waste derived "from the manufacture of nuclear weapons and operadon of naval reactors™
and “(a]ssociated activides such as the research in the weapons laboratories.” A broader

" interpretation that would include waste from DOE's civilian atomic energy actvides, basedon
references in the AEA to the ‘common defense and security” interests served by the development
of peaceful uses of nuclear power. is not supported by the language of the statute, the legisladve
history, or the Deparmment’s own historic interpretadon of the term.

7 As the legislative history of the NWPA's definition of “atomic energy defense acdviges”

makes clear, TRU waste generated by the DOE Environmental Management program in 1ts

cleanup and management of weapons production waste qualifies for disposal at WIPP because it
is so “closely intertwined"” with defense production actvides.

8
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